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PREFACE, 



Although a number of publica* ' 
tioDs have at diiferent times appeared, 
professing to treat of the Principles^ or 
Elements of Architecture, it is justly com- 
plained of them, that they do not fully 
correspond to their title. For not suffi- 
ciently entering into those mathematical 
principles, on which this noble art ulti- 
mately rests, and from which indeed it 
derives its very existence, they may nU 
ther be said to consider it merely as an 
art^ than as a science also ; and are more 
calculated to instruct the Student in draw- 
ing Architectural Flans, than to point out 
a 2 end 
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and elucidate those unalterable rules, and 
& principles, whicl,, however u„pe.- 
ceived, must enter into the very essence 
of every plan that is correct and practi-^ 
cable. It is for want of attention to this 
circumstance, that many excellent works 
' rather puzzle, than inform the mind of a^ 
beginner ; who ought, like the student in 
aatrbhopjr,) to commence his inquiries by 
^^Qtog<iback toithe most .simple elements 
of m)MhemM.icalikno\v!ledge, there to get 
the roidtr^olue fo his futiire studies, and 
ftiMi .ihencie graidually ^od. scientificairy 
{)fl9ceed(to lUorQ'X^dmplet: problems, and 
tOQ^;diVi6rM6i6d pllms.! Jf:ihe monuments 
dfliGfeciailiand Roman iart which yet re* 
jna^ (reoiain unrivalfed), it is not merely 
to ba:ascribied. to their greater boldness 
in design, and greater ex pence in execu«: 
lion, but to that perfect knowledge and 
perpetual remembrance of the true prin-* 
Ctples of their art, which shines in every 

part 
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part of their edifices, uniting correctness 
with elegance, and permanence with gran* 
deur. He, therefore, who wishes tho- 
roughly to understand what the ancients 
have done, or to do any thing yet unat- 
tenipted, must not content himself with 
merely drawing from their works, and 
then superadding the inventions of his 
own imagination ; he must continually 
recur to the ground on which they trod, " 
and make that the criterion of alt hi^ 
attempts. 

It is principally to assist the student ia 
this important article, that I dosign tlie 
following work ; in which, I trust, it will 
appear, great pains have been taken to 
lay down the fundamental Principles' of 
Architecture in a clear, distinct, and in- 
telligible manner; and to apply the whole 
to practice by plain and obvious exam- 
pies, illustrative of them. This I have 
endea)» 
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endeavoured to. do, so Us to make the 
publicatioa useful^ not only to Staidetits 
in : Architecture, but also, to EDgineers^ 
Mascma^ Carpeblets, Canrer^ Designersi 
MeasurarS) and all other persons cdncemi^ 
M 'in ihe eitecation of buildings^ and 
ifaeir sereral componepi parts. Siichiiforki 
m^n, tbereibrey as ^aspire to aajr degn^e 
of .superiority and tabte in either of these 
tiiwicfaesy will be abk £rom heiiee, bj imt 
prbVing their leisure hotirs^ in a short time 
to understand the principles of their tb* 
spective occupations,^ and to do with taste 
and pleasure^ .what they now.. only do 
mechanically, and in servile imitation of 
tithers. 



.In the course of the work li^ill be given 
whatever the experience of the most jur 
dicious professors has sanctioned as the 
best mode of effecting theit professional 
purposes ; with the reasons on irhich that 

pre- 
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preference is founded. To this will be 
added examples, both of Grecian and 
Roman antiquities ; with comparisons be* 
tween them, and remarks on the beauties 
of each. Simple, and hitherto unprac-* 
tised rules will be laid down for project* 
iiig leaves, volutes, and every other spe- 
cies of ornament; particular attention 
will be paid to the theory of shadows, 
both from direct and reflected light, and 
examples adduced of the relative degrees 
of light and shade on ditlcrcnt surfaces, 
variously inclined to the luminary and the 
eye. It is no necessary part of the au- 
thor's plan, to give original designs for 
buildings ; a few, however, will be added* 
to exemplify the rules laid down, and to 
assist the stuHent in this part of his labour. 



In this Volume, the Principles only 

are laid down. The GEOMETRICAL 

part is first attended to; and from the 

result 
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result of the theory of Geometry, a select 
set of problems are drawn up, many of 
which are entirely new, and all intimately 
connected with the subject in hand. They 
are disposed in methodical order, and are 
preceded by the necessary definitions. 

It is not intended by this part, wholly to 
set aside the study of Euclid, and authoi^ 
who have written on Conic Sections. An 
attentive perusal of their works will al- 
ways amply repay the student's trouble. 
I have, I believe, omitted nothing ma^ 
terialy that was connected with my de- 
sign : but when the vast importance and 
utility of Geometry are considered, the 
student will never regret any pains he 
may take to make himself thoroughly. , 
master of every part of it, 

V ^e elegance and utility of the Ellipsiflh 
occasioning ft to be introdueed into 
< almost 
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almost every species of building, I have 
paid particular attention to this curve ; 
the problems relating to which, will be 
found particularly useful in describing 
eUiptical and Gothic arches, finding their 
joints, and describing mouldings of every 
degree of curvature. That the reader 
may more perfectly understand its con- 
struction, I have shown how to draw it 
under various circumstances ; which I 
have also done with regard to Conic Sec- 
tions in general. The Sections of Solids 
are also particularly treated of; a tho- 
rough acquaintance with them being ab- 
solutely necessary for understanding the 
theory and disposition of Shadows : in 
explaining which, I flatter myself this 
work will be found to exceed every other 
hitherto published. 



Number, as well as magnitude, being 

'concerned in Architecture, ARITHME- 

voL. I. b TIC 
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TIC follows Dexfe. The tn^portance M 
this ki focnmg estimatesy both cf marleT 
rials, and expence, in giving lules iat 
measuring) and fixing a price on work^ 
&c. is sufficiently olurioiis. Hcm I li^ve 
endeavoured to be as concise and clear as 
the nature o£ tlie subject will adnit. AU 
operations purely aritbrneticaJ, bdlng en 
ther an appUcation singly of the four 
primary rules (visL Addition, Subtraction^ 
Multiplication, and Division), or eke 
compounded of them, care has been taken 
to define the terms clearly, and to give 
the proper axioms under their respective 
heads* 

In stating question^ in Proportion, whe^ 
ther simple, inverse, or com.pouiid, I have 
shown a more general and easy, as well 
as a more rational method than has hi- 
therto been made known, by taking to- 
gether all the component parts of the* 

.^ven 
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given cause fbr t^e firsrt; term, and the 
comperBent parte of the gi«ren etfect fo# 
the second; thed taking the cotripon^nt 
parts' <of any* other cause ppodliicln^ sitbi* 
lar effects for the: third tetrin, and tlhe 
edfeot pierfoitned by these for tlve Ibutth^i' 
aH ' o)^vat«otf« in propoition ififl be re^ 
dift^ed to tk^ form of four tenris; and if 
all the tewns are comple^fe, ^ |)roduet 
of the two «ctremes will alM^ays he equal 
to the prodiTci of the two rtSeans. 

The best method of bom pu ting vnlgar, 
deeknaU and ^iiodecnnal fhictions, and 
cif extracting the square and cube roots, 
in order to facilitate the knowledge of 
Mensuration, concludes this part. 

MENSURATION itself is then ex- 
plained. This, showing the proportion 
one magnitude bears to another of the 
same kind, is necessary to enable the 

b 2 architect 
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architect to proportion the scantlings of 
his timber, and to give strength and sta*« 
bility to his design. I have therefore 
given rules for measuring all the most use-* 
ful kinds of figures, in the shortest way, 
as applied to lines, superficies, and solids* 
The customary methods of measuring the 
several Artificers Works, are then poioted 
out in a plain and familiar manner, with^ 
examples at full length, for the assistance 
of workmen in general, that they may be 
enabled to detect the impositions of frau- 
dulent men, who too often find their way 
into every profession, and the mistaikes 
that others may inadvertently make. The 
method of measuring groins upon any 
rectangular plan, is afterwards subjoined. 



P. Nicholson. 



October 6, 1808. 
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DEFINITIONS. ^ 



EOMETRY is that science vrhich treats of the des* 
criptions and properties of magnitudes in general. 

£. A point has neither parts nor magnitude. 

3. A Une is length, without breadth or thickness. 

4. A ntperfices has length and breadth only. 

5. A solid is a figure of three dimensions, having length, 
breadth, and thickness. — Hence surfaces are the extremities 
of solidsy and lines the extremities of surfaces, and points the 
extremities of lines. 

6. Lmet are either right, curved, or mixed of these two. 

7. A righi or straight line lies in the same direction be- 
tween its extremities, and is the shortest distance betw^n 
two points. 

8. A curve continually changes its direction between its 
extreme points. 

9. Lines are either parallel, oblique, perpendicular, or 
tangentiaL 

* 10. Parallel lines am always at the same distance, and 
will never meet though ever so far produced. 

• vox..: I. 1 II. 0^- 
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11. Oblique right lines in the same plane, change theif 
distance, and would meet, if produced^ as A. 

12. One line is perpendicular to another when it in- 
clines no more to one side than another, as B. 

Id. One line is a t&ngent to another when it touches it 
without cutting, when both are produced, as C. 

14. An angle is the inclination of two lines towards one 
another, meeting in a point, as D. 

15. Angles are either right, acute, or oblique, as £. 

16. A right angle is that which is made by one line per- 
pendicular to another, or when the angles on each side art 
equal, as F. 

17* An acute angle is less than a right angle, as G. 

18. An Muse angle is greater than a right angle, as H. 

19. A super/ices is either plane or curved. 

20. A planCf or plant sufface, is that to which a right line 
will every way coincide ; but if not, it is curved. 

21. Plane ^gures arc bounded either by right lines, or 
ctirves. 

22. Plant Jiguresy bounded by right lines, have names ac- 
cording to the number of their sides, or angles, for they hava ' 
as many sides as angles — the least number is three. 

23. An equilateral triangle is that whose three sides are 
equal, as I. 

24. An isosceles triangle has only two sides equal, as K. 

25. A scalene triangle has all sides unequal, as L. 

26. A right angled triangle has one right angle, a3 M* . > 

27. Ocber irimgkf^ ve oblique angled, and are either ob^ 
(use or acute. 

28. Au a^ui< sm^ed triangle haa «U. iU «iigln weatt^ as 
N ur O. 
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e obtuse angle, as A. 
inglps, is called n quadran- 



ts. Ad obtnK atigled triangle has 

30. AJigurr of four sides and a 
^e.or qtiadnlalcral, as B, C, D, E, F, and G. 

31. A paraUchigram, ii a r[U8drilatcral, which has botli 
pain of its opposite sid(« parcllel, as 1), C, D, atid £ ; and 
takes &xe following particular oamcs. 

33. A rectangle, is b parallologram, having all Its angles 
right ones, as B and C. 

S3, A t^aare, is an ^qnilateral rcrtanglp, having all tt» 
Mdet equal, and all its angles right ones, as C. 

34. A rioriAM, is an equilateral parallelogram, whose 
«nglcs art' oblique, as D. 

35. A rAamiuiii, is oil oblique angled parallelogram, a* E. 

36. A trapezium, is a quadrilateral, which has neither pair 
of its tides parallel, as F. 

37. A trapnoid hath only one pair of its opposite sides 
parallel, asG. 

SS. Plane Jigurei having more than four sides, are in ge. 
nt-ral railed polygons, and rect^ive other particular names, 
according to the numbct of iheir sides or angles. 

39. A pentagon Is a polygon of five sides, a bmagoti hatli 
MX rides, a heptagon seven, an octagon eight, a nanagrm 
nitie, a lUeagon ten, aik undecagon eleven, and a dodecagm 
twelve side. 

40. A regular pulygon halh all its sides and angles equal ; 
and if they are not«quaI, the polygon is irregular. 

. An rquilateral triangU is also a regular figure of three 
sides, and a tquart is one of four ; tile former being called a 
Irigon, and the latter a tetragon. K 

42. A circle is a plane fignire, bounded by a curve line, 
called ihc circwn/crmcc-, which is cvery-where equidistant 

Llain point within called its centre. 
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43.. Th6 mrfnuvi jfff a ctrc^ is a right 'lio^ dntwn from 4he 
centre to the .circpmference, as a by at A. 

44'. A diameter (^'u <;ircU is a right line drawn through the 
centre, terminating on both sides of the circuiofereiiicey 
aS; c c/y at B. , , 

...... , 

45. An are of a circle is any part o(ithe pircumferenpe. 

46. A chord is i| right line joining the extremities of an 
arc, as a 6, at C. .'■.:. 

47.« A segment is any part of a circle, bounded by aii arc 
and its chord, as D* 

48. K&emkuvU is half the:circle » or a segment cut off by 
the diameter, ,as £. . ■ 

49. A sector is any part of a circle bounded by an arc 
and two radii, drawn to its extremities, as F. 

50. A quadrant y or quarter of a circle, is a sector, having 
a quarter of the circumference for its arc, and the two radii 
arc perpendicular to each other, as G. 

5 1 . The height or altitude of any figure, is a perpendicular 
lot fall from an angle, or its vertex, to the opposite side, 
called the basfi^ as.a.6, at H. 

52. When an angle is denoted by three letters, the middle 
one is the place of the angle, and the other two denote the 
sides containing that angle ; thus, let a 6 c be the angle as 
I, then b will be the angular point, and a by and b c, will be 
the two sides containing that angle. 

53. The measure of any right lined angle, is an arc of any 
circle contained between the two lines which form the 
angle, the angular point being in the centre, as K. Thus 

, if the arc b c d he double of the arc b c then the angle b ady 
will bi; double that of 6 a c. 
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PKACnCAL GEOMETRY. 



PROBLEMS. 

PROBLEM I. 
To bisect a given line A B. 

1. From the points A aod B, as centres, with any distance v^ 
greater than half A B, describe arcs cutting each other; 

in c and <f. • 

2. Draw the line c d and the point £, where it cuts A By 
will be the middle of the line required. 



PROBLEM IL 

From a given point C, in a given right line A B, 

to erect a perpendicular* 

FiGUR E . 1 . JVken the point is near the middle of the linef 

1. On each side of the point C take any two equal dis- 
tances C d and C e. 

2. From d and e, with any radius greater than C <f , or C e, 
describe two arcs cutting each other in^. 

3. Through the points/ C, draw the line/C, and it will 
be the perpendicular required, 



Fig. II. JFhen the paint is at, or near, the end of the line. 

1. Take any point d above the line, and with the radius 
or distance d C, describe the arc e C/, cutting A B in f and C. 

2. Through the centre d and the point r, draw the line 
tdj) cutting the arc e Cf,mf. 

3. Through the points/ C, draw the line/C, and it will 
be the perpendicular required, 

PROBLEM 
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PROBLEM III. 

From a given point C, out of a given rightline 
A By to let fall a perpendicular 

1. From the point C, with any radius, describe the arc 
d Cf cutting A B in e and d, ' 

2. From the points e d with the same, or any other radius, 
describe two arcs cutting each other, in^. 

3. Through the points C/, draw the line C D/, and C D 
will be the perpendicular required. . 



PROBLEM IV. 

At a given point D, upon the right line D E, to 
make an angle equal to a given angle a B 6. 

1. From the point B» with any radius, describe the arc 
n h^ cutting the legs B a, B &, in the points a and b, 

2. Draw the line D e, and from the point D, with the same 
radius as before, describe the arc f /, cutting D £ in e. 

S. Take the distance h a, aad apply it to the arc e y^ 
from e iof* 

4. Through the points T} f^ draw the line D^^ and the 
angle t D/, will be equal to the angle & B a, as was required. 



PROBLEM V. 

To divide a given angle ABC into two equal 

angles. 

\^ 1. Fiom the point B, with any radius, describe the 

arc AC. -• 

2. From A and C, with the same or any other radius^ 
describe arcs cutting each other in (/. 

3. Draw the line B (/, and it will bisect the angle A B Q 
% as was required. 
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PROBLEM VI. 

To trisect or divide a right angle ABC into three 

equal angles. 

1. From the point B, with any radius B A, describe th« 
arc A Cy cutting the legs B A, and B C, in A and C. 

2. From the point A, and C, with the radius A B, ok 
•B C, cross the arc A C in d, and e. 

3. Through the points t d, draw the lines B f , B d, and 
Ihcy will trisect the angle as was required. 



PROBLEM VIL 

Tbrouf^ a given point C, to draw a line ' pa* 

rallel to a given line A B. 

1. Take any point d, in A B, up<m d and C, with the 
distance C dy describe two arcs e C, and d/, catting th» 
Una A B, in e and d. 

2. Make df equal to e C; through C and /, draw C /,^ir 
will be the line required. 



Fio. 11. When the.paraUd is to he Mt a ghen distance C D 

frwn A B. 

1. From any two points c and d, in the line A B, 
with a radius equal to C D» describe the arcs e andf, 

2. Draw the line C B« to touch those arcs without cut- 
ting theiBy and it will be parallel to A B as wa» required. 

PROBLEM 
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PROBLEM VIII. 

To divide a given line A B into any proposed 

number of equal parts. 

1. From A, one end of the line, .draw A r, making any 
angle, with A B ; and from B» the other end, draw B d, 
making the angle ABd equal to B A c. 

2. In each of the lines A c, B d[, beginning at A and 
B, set off as many equal parts, of any length, as A B is to be 
divided into. 

3. Join the points A 5, 1 4, 2 3, &c., and A B will bt 
divided as was required 



PROBLEM IX. 

To find the centre of a given circle, or one already 

described. 

1 Draw any chord A B, and bisect it with [the perpen- 
dicular C D 

2. Bisect C D with the diameter £/, and the intersection 
O will be the centre required. 



PROBLEM X. 

To draw a tangent to a given circle, that shall 
pass through a given point A. 

1. From the centre O, draw the radius O A. 
2.. Through the point A, draw D £ perpendicular to 
O A, and it will be the tangent required. 
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PROBLEM XL 

To draw a tangent to a circle, or any segment of a 
circle A B C, through a given point B, without 
making use of the centre of the circle. 

1 . Take any two equal divieiQns upon the circle, from the 
given point B, towards d and e, draw the chord e B. 

2. Upon By as a centre, with the distance B ef, describe the 
arc, fdgy cutting the chord e B inf. 

3. Make dg equal to df through g draw g B, and it will 
be the tangent required. ^ 

PROBLEM XIL 

A circle ABC being given, and a tangent D H to 
that circle, to find the point contact. 

1. Take any point f, in the tangent D H ; from e, to the 
centre of the circle G, draw c G, 

2. Bisect e G in/, and with the radius/r, or/G, describe 
the semicircle e C G, cutting the tangent and the circle in C, 

it will be the point required. 

■ 

PROBLEM XIIL 

Given three points. A, B, C, not in a straiglit 
line, to find a number of points, lying between 
them, so that they shall all be in tlie circum- 
ference of a circle, without drawing any part 
of the circle, or finding the centre. 

1. From A, through B and C, draw A B and Af. 

2. On A, as a centre, with any radius Af, descflbe an arc 
fe dy cutting A B in (/, and A C iny. 

3. Bisect the arc rf^in e, through e, draw A e h. 

4. Join C B, bisect it in g, draw g h perpendicular, cutting 
heh^Xhy then h will also be in the same circumference with 
A, C, B. In the same manner may a point be found between 
C A, and h B. 

voLw I. c PROBLEM 
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PROBLEM XIV. 
Given three points A, B, C, not in a right line^ 
to find another point without these points, so 
that the four points shall all be in the circum- 
ference of a circle, without drawing any part 
of the circle, or finding the centre. 

1. Draw A e and A C, from A, through B and C. 

2. On A, as a centre with any radius A e^ draw the arc 
efgy cutting A B in f, and A C 'mf, 

S. Makeyg equal iofe^ through A and g draw A g inde- 
finiti'ly towards d. 

4. Upon C, with the distance € B, cross the line Ag9Xd^ 
it will be the point required. 

If a fifth point, or any other number of points are required^ 
the process will be the same. 

PROBLEM XV. 

Given three points A, B, C, not in a straight line^ 
to draw a circle through them. 

1 . Bisect the lines A B, and B C, by the perpendiculars,, 
meeting at d. 

2. Upon dy with the distance d Ay i? B, or d C, describe 
ABC, it will be the circle required. 

PROBLEM XVL 

To describe the segment of a circle to any length- 

A B, and breadth C D. 

1 . Bisect A B» by the perpendicular D g^ cutting A B, in C. 

2. From Cy make c D on the perpendicular, equal to C Dv 

3. Bisect A Dy by a perpendicular cj\ cutting D g^ in §• 

4. Upon gy the centre, describe A D B, it will be the seg- 
ment required. 
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PROBLEM XVII. 

To describe the segment of a circle, by means of 
two rules, to any length A B, and perpendicu- 
lar height C D, in the middle of A B, without 
making use of the centre. 

It trill be most convenient /or practice to make the rules C E and 
C F each equal to A 1^ as room is sometimes wanted, w 

1 . Place the rules to the height at C, bring the «d[ge8 close 
to A and B, tack them together at C, and fix a rod across 
them to keep them tight. 

2. Put in pins at A and B, then move your rules round 
these pinS| hold a pencil to the angular point at C, it will de- 
scribe the segment required. 



Fig. II. B^means of a triangle^ let AB be the length of the 
segment^ and C D the perpendicular height tn the middle. 

1 . Through the points D and B, draw D B. 

2. Draw D £ parallel to A B, for conveniency, make D £ 
^ual to O By and join £B. 

3. Make a triangle El, D, B, put in pins at the points A, D, B^ 
then )nove your triang^ round the points D and B, and the^ 
angular point will describe half the segment ; the other half 
will be described in the same manner, which will complete 
the whole segment, as was required* - 
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Fig. III. Another method by means of points ; let A'Rhe tht 
length, and C D bisecting A B perpendicular ^ the height, 

1. Through D, draw G H parallel to A B. 

2. Draw D B, the half chord. 

S. From B, make B H perpendicular to D B, cutting G H 
in H, make D G equal to D H. 

4. Draw A F and B £, each perpendicular to A B, cutting 
G II in F and E. 

5. Divide D G, D H ; C A, C B; and A F, B E; each 
into a like number of equal parts, as five. 

6. Draw the cross lines 4 4, 3 3, 2 2, 1 1, &c. 

7. From the division on A F, and B E, draw lines to D, 
cutting the other cross lines at d^ e^fy g, &c. 

8. Put pins in these points, bend a slip round them, and 
draw the curve by it, it will be the segment required. 



Fig. IV. Another method, by points nearly true, when the seg' 

ment is veryjlat, let ABbe the length, and C D bisecting A B, 

the perpendicular height, 

1. Draw A E, and B F, perpendicular to A B, each equal 
toC D. 

2' Divide C B, and C A, each into the same number of 
equal parts, as 5. 

3. From the points 4, 3, 2, 1, &c." on A B, draw the per- 
pendicular 4 4, 3 3, 2 '3, 1 I, &c. to A B. 

4. Divide A F, and B E, into five equal parts each. 

5. Draw linos from the points 1, 2, 3, 4, 5, at each end, 
to D, and complete the segment in the same manner ai 
Fig. III. 

PROBLEM XVIII. 
In a given triangle A, B, C, to inscribe a circle. 

1 . Bisect any two angles A and C, with the lines A D, and 
C D. 

2. From D, the point of intersection, let fall the perpendi- 
cular D E, it will be the radius of the circle required. 
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PROBLEM XIX. 
In a given square A B C D, k) inscribe a regular 

octagon. 

1 . Draw the diagonals A C, and B D, intersecting at e. 

2. Upon the points A, B, C, D, as centres, with a radit^s 
c C, describe arcs A el, ken, meg,fe i, 

3. 2o\nfn^ m If k t, h g, it' will be the octagon required. 

PROBLEM XX. 

In a given circle to inscribe an equilateral tri- 
angle, an hexagon, or a dodecagon. 

For the equilateral triangle, 

1. Upon any point A, in the circumference with the radius 
A G, describe the arc B G F. 

2. Draw B F, make B D equal to B F. 

3. Join D Fy and B D F will be the equilateral triangle re- 
quired. 

For the hexagon. 
Carry the radius A G six times round the circumfcrcQce, 
the figure A B C D E F will be the hexagon. 

For the dodecagon, 
Bisicct the arc A B in A, and A h being carried twelve times 
round the circumference, will also form the dodecagon. 

PROBLEM XXI. 
In a given circle to inscribe a square or an octagon. 

1. Draw the diameters A C and B D, at right angles. 

2. Join A B, B C, C D, D A, and A B C D will be the 
square. 

For the octagon* 
Bisect the arc A B in B^ and A £ being carried eight times 
roondy will also form the octagon. 

PROBLEM 
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PROBLEM. XXII. 
In a given circle to inscribe a pentagon, or a 

decagon. 

For a pentagon. 

1. Draw the diameters A C and B D, at right angles. 

3. Bisect £ C in/, upon/, with the distance of/D describe 
the arc D g upon D, with the distance D gf describe the arc 
g H cutting the circle in H. 

3. Join D Hy and carry it round the circle five timesy will 
tbrni the pentagon. 

For the decagon. 
Bisect the arc D H in t, and D t being carried ten times 
roundy will also form the decagon. 

PROBLEM XXIIL 
In a given circle to inscribe any regular polygon. 

!• Craw the diameter A B, from E the centre, erect the 
perpendicular £ F C, cutting the circle at F. 

JL Divide £ F into four equal parts» and set three parts 
from F, to C. 

d. Divide the diameter A B into as many equal parts as 
the polygon is required to have sides. 

4. From C, through the second division in the diameter, 
drawCD. 

5. Join A D, it will be the side of the polygon required. 

PROBLEM XXIV. 
Upon a given line A fi, to describe an equilateral 

triangle. 

1. Upon the points A and B, with a radius equal to A B, 
describe arcs, -cutting each other at C. 

2. Draw A C and B C, it will be the triangle required. 
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PROBLEM XXV. 
Upon a given liue A B to describ^'a dquare. 

1. Upon A and B, as centres with a ladius A B, describe 
two arcs A e C, B e D, cutting each other at e. 

2. Bisect A e aty^ from e malce e D. and e C equal tot ft 

3. Join A Dy D C, C By it will be the square required* 



• r 



PROBLEM XXVI. 

Upon a given line A B, to construct any regular 

polygon. 

1. Upon A and B, as centres with a radius A B, describe 
two arcs intersecting each other at F. 

2. From B, draw B C perpendicular, and divide the ace 
A C into as many equal parts as tha polygon is to have sides. 

3. Through the second dinsion D, dmw B G, make F E 
equal to F D» and through £, draw A G, meeting B G at G. 
then G will be the centre, and G A tiie radius 6t a circle^ 
that will contain A B to any number of sides required. 



PROBLEM XXVII. 

To make a triangle, whose three sides shall be 
" equal to' three given lines D, E, F, if any two 
are greater than the third. 

1. Draw A B equal to the line D. 

ft. Upon B, with the length of £, describe an arc at C. 

3. Upon Ay with the length F, describe another arc, inter- 
•secting the former at C. 

4. Draw ACandCB, and A B C will be the triangle re- 
quired, 

PROBLEISi 
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PROBLEM XXVIII. 

To make a trapazium equal, and similar to a 
given txapazium A B C D. 

1. Divide the given trapazium A B C D into tv^o triangles, 
by a diagonal A C. 

2. Make £ F equal to A B upon £ F, construct the tri- 
angle £ F, whose three sides will be res{)ectively equal to the 
triangle ABC. 

3. Upon £ G, which is equal to A C^ construct the triangle 
£ G Hy whostf two sides £ H, and G H, are respectively equal 
to A D and C D, then £ F G H will be the trapazium re- 
quired. 

In the same manner may any irregular polygon be made 
equal and similar to a given irregular polygon, by dividing 
the given polygon into triangles, and constructing the tri- 
angles in the same manner in the required polygon, as iis 
shown by figures, 

PROBLEM XXIX. 

To maj^e a triangle equal to a given trapazium 

A BCD. 

1. Draw the diagonal B D, make C £ parallel to it, meet- 
ing the side A B, produced in £. 

2. Join D £, and A D £ will be the triangle. 

PROBLEM XXX. 
To make a triangle equal to any given right-lined 

figure ABODE. 

1 . Produce the side A B both ways at pleasure. 

2. Draw the diagonals A D and B D, and make £ F and 
G H parallel to them. 

3. Join D F, D G, then D F G will be the triangle re- 
quired. 

Much after the same manner may any other right-line 

figure be reduced to a triangle. 
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PROBLEM XXXL 
To reduce a triangle A B C to a rectangle. 

1. Bisect the altitude C G in D, through D' draw £ F pa-i 
rallel to A B. 

2. From B draw B F perpendicular to A B, tlirou^ A 
draw A F parallel to BF> tden AB F £ will be th^ rectangle 
required. 



PROBLEM XXXII. 

To make a rectangle, having a side equal to a 
given line A B^ and equal to a given rectangle 
CDEF. 

1. Prodace the sides of the rectangle C F, £, F £, and 
CD- 

2. Make £ G equal to A B, through O draw L H parallel 
to F £, cutting C F produced at L. 

3. Draw the diagonal LE, and produce it till it cut C C 
at K. 

4. Draw R H parallel to £ G, then will £ I H G be the 
-rectangle required. * 

PROBLEM XXXin. 

■ 9 

I 

To make a square equal to a given rectangle 

ABCD. 

]. Produce the side A B, make B E equal to B C. 

5. Bisect A E in ly on I, as a centfe with the radius I E 
or I A, describe the semicircle A H E. 

3., Produce the side of C B to cut the circle in H, on 
B H describe the square B H 6 F, it will be the square re- 
-quired. 

▼OL. I. D PROBLEM 
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PROBLEM XXXIV. 

To make a liqMre equal to two given squares 

A and B. 

U Maise D E t^oal to tiie ode of tke m^oMte At and 
D F perpcndiciikr to D E, equal to the • side of the 
square B. 

2. Draw the hypothenuse F £; od it describe the squara 
£ F G H, it will be the square required. 



PROBLEM XXXV. 

To make a square equal to three pvetk sqiares 

A, B^C. 

1. Make D £ equal to the side of the square A^ and D F 
perpendicular to D £, equal to theude of the square B. 

2. Join F £, draw F G perpendicular to it. 

3. Make F equal to the side of the square C ; joia G £, 
then G £ will be the side of the square required. 



PROBLEM XXXVL 

Two right tines A B, mid C D. being given, to 

find a third proportionaL 

1. Make an angle H £ I at pleasure, from £, make £ F 
equal to A B, and £ G equal to C B^ join F G. 

2. Make £ H equal to £ G,and draw H I parallel to F G, 
then £ I will be the third proportional required, that m, 
I:F:£G;:EH:£I, orAB:CD::CD:£I. 

PROBLEM 



n/7 

PROBJCXXIV. ^^L 



PKOB XXXV. 




PROB. XXXVI. 




\ • 



£) 



PROB . xxxvn. 



TV. /<K 

B 
D 




FROB. xxxvm. 




f—f—t 



PROB . XXXIX 




PRACTICAL CEOMETSY. 19 

PROBLEM XXXVII. 

Three right lines A B, CD, E F, being given, 
to find a fourth proportional. 

1. Make thutuiglc II G I atplceaure; from G make G H 
K}ua! to A 8 ; G 1 equal to C D ; and join H I. 

2. Make G K equal to H F, draw K L through K parallel 
to H I, thin G L will be the fourth proportiooal required; 
that is G 11 : G 1 : : G K : G L, or A B : C D : ; E F : G L. 



PROBLEM XXXVIIL 

To divide a given line A B, in the same pro- 
portion as another, C D, is divided. 

1. Make any angli- K II 1; and make H 1 equal to A B; 
then apply the M:TeTal ilivl^ons of C D from H to K, and 

2. Draw the lines k e, if, k g, paTBlk-l lo I K, and the line 
H I, will be divided in h, t, k, as was required. 



PROBLEM XXXIX. 

Between two given right lines, A B and C D, 
to find a mean proportional. 

1. Draw the right line E G, in wliich make E F equal to 
AB,Biwt FG equ"' '-i C D. 

2. Bisect EG in H, and with II E or H G, describe ihc 
jemicircle E I G. 

3. From F draw Fl perpendicular to EG, culling the 
circle in I, and I F will be (be mean proportional required. 

D 2 PROBLEM 
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PROBLEM XL- 

To find a line nearly equal to the circumferenoe 

of its circle A C B D. 

). Draw the diameters A B and C D at right angles. 

2. Produce A B, till t^ie part A G without, be three quar- 
ters of the radius. 

3. Draw E F through B, parallel to C D; through G, and 
the points C and Df draw G £ and G F, cutting the tangent 
in ^ and F ; then £ and F will be equal to half the circura* 
fcrencc. 

Much after the same manner may a straight line be found 
equal to any part of a circle, as is shown at Fig. 2, but the 
following niethod is much better for small arcs^ a^ it se- 
quires less room. 

REMARK. 

If any number of dwisums £ I, I K, K L, L B, are taken qh 
E F, and from the points I, K, L, lines are drawn to G, to cmi 
the circumference i, A:, /, the divisions on the circle^ viz. C i, i k, 
k If / B, xvill be respcctrccly equal to their corresponding dtrt- 
sions £ ly I K, K L, L B, on the tangent line £ F ; that », B L 
will be equal to B /, and L K equal to I k^ K I equtd to k iy and 
I £ equal to i C. 



PROBLEM XLL 
To find the length of any arc A G B of a circle. 

1. Draw the chord A B indefinitely towards E, and bisect 
the arc A C B at C. 

2. Make A D equal to twice the half chord A C ; divide 
B D into three equal parts, and set one towards E ; then 
will A E be the length of the arc line A C B. 
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CONIC SECTIONS. 



OF THE ELLIPSIS, 



DEFINITIONS. 

1 . If two pint are fixed at the points E and F, a string 
being put about them, and the ends tied together at C ; the 
point C being moved round, keeping the string stretched, it 
will describe a curve called axi>£llipsis. 

2. Focif are the two points £ and F, about which, the string 
is made to revolve. 

3. Trannerte axiSf is the line A Bp passing through the foci, 
and terminated by the curve at A and B, 

4. CentrCy is the point G, bisecting the transverse axis A B. 

5. Conjugate axis^ is the line C D, bisecting the transverse 
axis at right angles, and terminated by the curve. 

6. Lotus rectum^ is a right line passing through the focus 
F, at right angles to the transverse axis terminated by the 
curve ; this is also called the Parameter. 

7- Diameter h any line passing through the centre G, ter- 
minated by the curve. 

8. Conjugatt diameter^ is a right line drawn through the 
centre, parallel to a tangent at the extreme of the other dia- 
meteri and terminated by the curve. 

9. Double ordinate^ is a line drawn through any diameter, 
parallel to a tangent at the extreme of that diameter, termi- 
nated by the curve. 

PROBI4EM 
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PROBLEM I. 

The transrerse and conjugate axes ABj and 
C D, of an ellipsis being given, to find the two 
foci, from thence to describe an ellipsis. 

1. Take the semi transverse A £» or £ B, and from C, as a 
centre, describe an arc, cutting A B, at F and G, which are 
the foci. 

2. Fix pins 'in these points, a string being stretched about 
the points F C G, then move the point C round the fixed points 
F and G, keeping the string tight it will describe the ellipsis, 
as in the first definition. 



PROBLEM II. 

The same being given, as in the last problem, 
to describe an ellipsis^ by an instrument called 
a trammel. 

The trainmdy as is used by artificers^ is two rules, wiik a grace 
im eackxfixed together j so that the groves wiU be at right angles 
to each other ; to thisj there is a rod, xoith tXDO moveable uuts, 
mid another fixed at the end, with a hole through it to hold a 
pencil; on the under side of the sliding nuts are two round pins, 
^ made to fill the grace rftke trammely and is used asfolhms. 

Operation. 

Set the distance of the first pin at B, from the pencil at A, 
to half the shortest axis, and the distance of the second pin at 
Cy from A, to half the longest axis, the pins being put in the 
groves, as is shown by the figure, then move the pencil at A, 
it will describe the ellipsis required. 
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PROBLEM III. 
A diameter A B, and a double ordinate C D 

to tliat diameter, being given, to find the 

parameter. 

1. Join AC, A D. ana B C, BD; bisect A B in H, 
Aroiigh H draw H I paralW to D C. catting B C in 1." 

C. Fnw) A, make A F cqunl to li I, through F draw G H 
par&lM to C D, cotting AC in G, onJ A U iu H, tiii-n G H 
it ihi'piirainetcr sought. 

PROBLEM IV. 

To describe an ellipsis by finding points in the 
curve, having the two conjugate diameters 
A fi, and C D given. 

1. Rod FGh^f the parameter; through G, draw II H 
parallel to A B. 

2. Draw E H parallel to C D, cutting H H, at H. 

3. Set oif any nuinber of cfjual diiisions, from H, towards 
G| «et th« lamc parts from C, towards C. 

4. From the point B, through the points 1,2, 3, tn EC, 
draw the linen B ■*, B it, B /. 

5- Fnwn A, through the points in U G, draw ihe lines A (', 
A i, A /, intenectiog the foriiicr lines ia t, t; I, they will be in 
the peiiphery of the ellipsis. 

PROBLEM V. 

Having a diameter, and a double ordinate to 
that diameter, to describe the ellipsis, by 
fiitding points in the curve. 
This problem will be completed in the same manner as i» 

ihe last problem, as is plainly shewn by the figun'. 

PROBLEM 
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PROBLEM VI. 

To describe an ellipsis, of any segment of an 
ellipsis, having a diameter and a double or- 
dinate, by means of points being found in 
the curve, without finding the parameter. 

Let A B &f a diameter or double ordinate^ letC l> be its con- 
jugate f and let ED be the height qf the Megmeni, 

1. Through D, draw F G parallel to A B ; alto through 
the points A and B, draw A F, and B G, parallel to D £» cuti 
ting F G, in F and G. 

^. Divide A £ and £ B into a like number of equal parts, 
as four; likewise B G,and A F, into the same number of 
equal parts* 

3. From the point D, through the points 1, 2, 3, in A F, 
and B G, di^w J D, 2 D, 3 D. 

4. From the point C, through the points ly ^, 3, in 
A B, draw C a, Cb, C c, cutting the lines 1 D, 2 D, 3 D, 
in a, by c, they will be in the periphery of the ellipsi»; t 
curve being traced through these points^ will form the el- 
lipsis required. 

But if the cun*e is very large, as in practical works; the 
bi*st way is to put in nails or pins at the points a, h, c, 6cc^ 
bend a slip round them, ai\d draw a curve by it, it will appear 
quite regular. 
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PROBLEM VII. 

To draw the representation of an ellipses^ ivith a 
compass to any length A B, and width C D. 

1. Draw B P parallel and equal to £ C, and bisect it at ], 
then draw 1 C and P D, cutting each other at K ; bisect 
K C by a perpendicular, meeting C D at O ; and on O, 
with the radius O C, describe the quadrant C G Q. 

4. Through Q and A, draw Q G, cutting the quadrant 
at G ; then draw G O, cutting A B at M : make £ L equal 
to £ M; also £ N equal to £ O. From O, through M and 
L, draw O G, and O K ; likewise from N, through M 
and Ly draw N H and N I ; then M, L, N, O, are the four 
centres : by help of these the four opposite sectors will be 
described. 



Fig. IL To describe an eU^ptU more accttrately with a compass 
ikon tkeforegwigy having the two axes A B and C D given^ 
!• Draw A d parallel and equal to £ C, divide it into 
three equal parts and draw 2 C and 1 C ; then divide A £ 
also into three equal parts, and from D, through the points 
1, 2, in A £, draw D Q, and D P, cutting the lines 1 C 
and S C, in Q and P. 

2. Bisect C P by a perpendicular, meeting C D produced 
at Sy join PS, cutting A £ at X ; then make £ W equal to 
£ X, and £ U equal to £ S ; and through X and W, draw 
P S and OS; also through the same points X and W, draw 
U K and U L. 

6. Bisect P Q by a perpcndiculkr, meeting P S at F; 
diEw Z F jjyaiallel to A B; then with the radius F Q describe 
Ihe arc Q Z, cutting FZ at Z; through Z and A draw Zy, 
cutting the arc Z Q at y ; and join y F, cutting A B at V. 
Ob X, make X I equal to X F ; with the same radius on W, 
make W H, and W G ; through V, draw I R, make E T 
equal £ V, through T, draw H M and G N; then 
U, S, G, H, I, F,T, V^ are the centres. 
TOL. t. B PROBLEM 
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PROBLEM. VIII. 

Having the two axes, or any other conjugate di* 
ameters A B and C D given, to describe an 
ellipsis through points, at the extremes of any 
diameters taken at pleasure. 

1. Through D, draw P Q parallel to A B from D ; draw 
D F perpendicular to P Q» and make it equal to E lE^ or 
£ A ; upon F, with the distance F D» describe the ci^k nDh 

2. Through the centre £, draw the line P £ N, # £ M, 
# £ L, Uc at pleasure, cutting the tangent P Q^ at P» #» «» 
&c. Join P F, ^ F, « F, &c. cutting' die cirde mDk, t 
the points ma/, &c. ; likewise join £ F, if necessary, and 
xiraw a N, m M, / L, &c. parallel to it, cutting the diame* 
ters N N, M M, L L, &c. at N, M, U &c. then these 
points will be in the periphery of the ellipsis. If the dia« 
meters are produced to the opposite sides, at N, M, L, and 
the distances £ N, £ M, £ L, &c. are made respectively 
to their corresponding opposite distances £ N, £ M, ami 
£ L, &c. then the points N M L, on the under side of the 
diametL'r A B, will also be in the curve. 

PROBLEM IX. 
To draw an ellipsis by ordinates, having the two 
axes, or any other conjugate diameters^ A B, 
and C D, given. 

1 . From E, the centre, draw £ F perpendicular to C D* 
Upon E, with the radius EC, describe the quadrant CF; 
divide E F into any number of equal parts, as four; from 
these points draw I a, 2 6, 3 r, parallel to £ C, cutting die 
quadrant at a, b^ and c. 

2. Divide £ A, and £ B, each in the same number of 
equal parts ; through the points I. 2, 3, &c« draw a a, 6 6, 
c c, SfC, parallel to C D. 

5. Make the distance la, 2 6, 3 c, 4^. equal to their 
corresponding distances, la, 2fr, on thcquadiant; then the 
points a, 6, c, &c. will be all in the periphery of the dlipsis. 
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PROBLEM X. 

I 

An ellipsis A D B C being given^ to find the 
transverse find conjugate axes. 

1. Draw any tt^b parallel lines A B, and C D, cutting 
the ellipsis at the points A, B, C, D ; bisect them in e and/. 

S. Tbronghe and/ draw G H, cutting the ellipsis at G 
and H; bisect G H, at I, will gire the centre. 

3. Ujpon ly with any radius, describe a circle, cutting the 
ellipsis in the four points A:, /, m, fi. 

4. Join B if and mn ; bisect klj or m n, at o or p. 

5. Through the ^ints o I, or I p, drew Q R, cutting the 
ellipsis at Q and R; then Q R will be the transverse 
axis. 

6. Through I, draw T S parallel to A: /, cutting the ellip* 
sift at T and S, and T S will be the conjugate axis. 



PROBLEM XI. 

Any diameter A B being given, and an ordinate 
C D^ to find its conjugate, without drawing 
any part of the ellipsis. 

1. Drew C I perpendicular to A B ; bisect A B in F, and 
diaw F H parallel to C D. 

52. On F) with the distance F A, or F By describe the 
semicircle A I B, cutting C I, at I. 

5. Bifake A £ equal to C I ; drew £ G pareilel and equal 
to C D ; through G and A, drew A H, cutting F H, at H ; 
then F H is the semiconjugate. 

Much after the same manner ; if two conjugate diame- 
ten are given, an ordinate may be found without drewing 
ttj part of the ellipsis. 

E % PROBLEM 
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PRpBJbfiM. XIL 

Any (wo conjugate diameters A B and C D, 
being give A, and a right line G H passing 
through the centre F, to find a diameter which 
will be conjugate to G H| without drawing 
any part of tb^ ellipsis. 

1. Through D, draw £ K parallel to A 9» wd produce 
the given line H G, to cut the tangent in E. 

2. From D, make D I pcrpendicul^ to £ F, and equal 
to F A, or F B. 

3. Join £ I ; from I, draw I K perpendicular to I E, out- 
ing the tangent E K» fit K; through the centre F, draw F K. 

4. Through the points g^ and .m, where the lines £ I» 
and I K, cut the circle ; draw g G, and m M, parallel to 
I Fy cutting £ F, €uid K F, at the points G and M ; make 
FH, equal to F G, and F L, equal to F M; then M L| 
and G 11, will be the two other conjugate diameters. 



PROBLEM Xni. 

Any two conjugate diameters A B and C D, 
being given, to find the two ax^s, from thence, 
to describe' the ellipsis. 

1. Threiigh D, draw E F, parallel to A B ; draw D I 
perpendicular to £ F and equal to M A, or M B. 

2. Upon I, with the radius I D,. describe the arc g D /. 

3. Join I jVI^ and l)i!>ect it by a perpendicular^ meeting the 
tangent £ F at N. 

4. On N, as a centre, with the distance N I, describe a 
semicircle £ I F, cutting £ F, at tiio points £ and F, 

5. Through the centre M, (liuw F K, and £ H. 

6. Join I h\ and I £, cutting the arc g D /, atg, and /. 

7. Draw / L, and g G, parallel to I M, cutting K F, and 
II £, at G and L ; make M K equal to M L, and M H equal 
(o M G, then £ If, and K L, will be the two axes required. 
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PROBLEM XIV. 

An ellipsis A D B C being given, to draw a tan- 
gent through a given point H in the curve. 

L Find the foci F and G, join F H and G H. 

3. Plodoce G H to I, upon H, with any radius, describe 
dieaio K LI, cutting G I, and F H, at K and I. 

3. Bisect the arc K L I, atL; through L and H draw 
X Hy it will be the tang^t required. 



PROBLEM XV. 

To draw two tangents to an ellipsis from a given 
point E, without it, having any two conjugate 
diameters A B, and C D, given, without draw- 
ing any part of the ellipsis. 

J. Tjct the point E be in the diameter D C produced. 

2. From the centre H, make H 1 equal to H C, and 
join I E. 

3. Througfi C, draw C K parallel to I £^ cutting H B 
inK. 

4. Make H L equal to H K, through L draw F G pa- 
rallel to A B^ find the extreme points F and G of the ordi- 
nate F G; by problem XI. From E, through the points 
F and G, draw £ F and £ G, they will be the tangents 
required. 

If the point £, is in neither of the given diameters A B^ 
or C D, when produced ; draw a line from the given point 
£^ through the centre ; by problem XII. find a conjugate 
to that line, and the extremities of both, then the construc- 
tion will be (he same as in this. 

PROBLEM 
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PROBLEM XVL 

To describe an ellipsis similar to a given one 
A D fi Cy to any ^ven length IK, or to a 
given mdth M L. 

1. Let A ]}, and C D, be the two axes of the gvten ellipsis. 

2. Through the points of contact A, D, ByC» eompkte 
the rectangle-G E H F, draw the diagonals £ F, and G H, 
they will pass through the centre at R, 

3. Through I, and K, draw P N, and O Q, parallel 
to C D, cutting the diagonals E F, and H, at P, N, Q, O. 

4. Join P O, and N Q, cutting C D at L^ and M, then 
I K, is the transverse, M L the • conjugate axes of an ellipsb 
that will be similiar to the given one A D B C, which may be 
described by some of the foregoing methods. 

PROBLEM XVIL 
Given the rectangle A B C D, to circamscribe 
an ellipsis, which shall have its two axes in 
the same ratio as the sides of the rectangle. 

1. Draw the diagonals A C, and B D, cutting each 
otlicr at S, the centre. 

2. Through S, draw £ F» and G U, parallel to A B, and 
A D. 

3. Upon S, with a radius S I, equal to half A D, or B C» 
describe the quadrant I K L» cutting E F, at L. 

4. Bisect the arc I K L, at K ; through K, draw M N 
parallel to £ F, cutting the diagonal B D, at N. 

5. Join I N ; through B, draw B G, parallel to it, cut- 
ting G H at G, and make S H equal to S G« 

6. Join N Q ; through B^ draw B F, parallel to it, cut- 
ting £ F, at F; make S £ equal to S F, then £ F» and 
G H, arc the two axes which may be described by some of 
the methods which are shewn in the foregoing problems. 

PROBLEM 
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PROBLEM XVIII. 

Given the trapezium ABCD, and a point £, 
in one of the sides, to find a point in each of 
the other sides, so that if an ellipsis was to be 
inscribed, it would touch the trapezium in 
these points.. 

!• Produce the tides of the trapenum, till they meet at 

Kaiid L. 

2. Draw the diagonals A C, and B D, cutting each other 
at F; produce B D, tiU it cut K L, at M. 

3. Through F, and thQ given point £, draw E G, cutting 
BCatG. 

4. From &I, through the points £, and G, draw M H, 
and M G, cutting the other two sides in the points I and 
H, then E« H, G, I, will be the four points required. 

PROBLEM XIX. 

A trapezium A B C D being given, and a point 
£^ in one of the sides; to find the centre of an 
ellipsis that may be described in the trapezium, 
and pass through the point of contact £, with- 
out drawing any part of the ellipsis. 

1. find the points of contact H^ G, I, £, as in the last 
|»roblem. 

2. Join the points G, and £, by the right line G £ ; bisect 
it in M, and from K, where the opposite sides A D, and 
B C meet, and through the point M, draw K M indefinitely. 

3. Also join any other two points of contact, as H I ; 
bisect H I, at N, from L, where the opposite sides B A, 
and C D hieet; draw L N, meeting K M, at P, then P 
will be the centre of the ellipsis required. 

And in like manner if the points G, and H, wercjoined, 

and bisected at Q, and a line being drawn from B, where 

■ die opposite sides A B, and C D meet through Q, it would 

also meet in P, the centre, &c. 

PROBLEM 
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PROBLEM XX. 

Given a trapezium A B C D, and a point E, in 
one of the sides, to find the two axes of an 
ellipsis that may be inscribed in the trape- 
zium, and pass through the point E> without 
drawing any part of the ellipsis. 

1. Find the opposite points of contact H, £, F^ G, by 
problem XVIII. ' 

2. From thence, find the centre P, by the last problem. 

3. From £, and through the centre P, draw E M, mak* 
ing P M equal to P E. 

4. Through H, or any other point of rontact, draw H K, 
parallel to D C, cutting E G^at K; then K H is an or- 
nate to the diameter E M. 

5. Through P, the centre, draw P R parallel to H K. 

6. Find the extremities R and S^ of the diameter R S, 
by problem XI. 

7. The conjugate diameters E M, and R S, being now 
found, then find the two axes V W, and X Y, by 
probh*m XIII. 
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CONIC SECTIONS. 



OF THE PARABOLA. 



DEFINITION. 

1. If a thread equal in length to B C be fixed at C^ the 
end of a square, ABC, and the other end fixed at F ; and 
if the side A B, of the square be moved along the right 
line A D, and if the point £ be always kept close to the 
edge B C of the square, keeping the string tight, the point 
or pin £9 will describe a curve £ G I H, called a pa^ 
TtMo, 

2. Focut is the fixed point F, about which the string 
revolves. 

3. DirMrix is the line A D, which the side of the square 
moves along. 

4. Jxii is the line L K, drawn through the focus F, per- 
pendicular to the directrix. 

5. Vertex is the point I, where the line L K cuts the 
curve. 

6. Lotus rectwm or parameter^ is the line G H, passing 
through the focus F, at right angles to the axis I K, and 
terminated by the curve. « 

7. Diameter is any line M N drawn parallel to the axis 
IK. 

8. DcMe ordinate is a right line R S, drawn parallel to 
a tangent at M, the extreme of the diameter M N, termina- 
ted by the curve. 

9* Abscissa is that part of a diameter contained between 
tiie. curve and its ordinate, as M N. 
TOL. I. r PROBLEM 
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PROBLEM I. 

To describe a parabola by finding points in the 
curve, the axis A B, or any diameter being 
given, and a double ordinate C D. 

1. Through A, draw E F parallel to C D. 

2. Through C and D, draw D F and C £ parallel to A B, 
cutting £ F at £ and F. 

3. Divide B C and B D, each into any number of equal 
parts, as four. 

4. Likewise divide C £ and D F into the same number 
of equal parts, viz. four. 

6. Through the points 1, 2, 3, &c. in C D^ draw the 
lines 1 a, 2 6, 3 c, &c. parallel to C D. 

6. Also through the points 1, 2, 3, in C £ and D F, draw 
the lines 1 A, 2 A, 3 A, cutting the parallel lines at the 
points a, b/cy then the points a, b, c, are in the curve of the 
parabola. 



Fig. II. Another Method. 

1. Join A C and A D ; from A make A E equal to B C 
or B D. 

2. Througli A and E, draw U I, and F G, parallel to C D, 
cutting A C and A D in the points F and G. 

3. Through F and G, draw F H and G I parallel to A B, 
cutting H I at the points H and I. 

4. From the points H and I, take any number of equal 
divisions on the lines H F and I G, from these points draw 
lim^ to A. 

5. From B, set the same divisions towards C and D, 
draw the parallel lines 1 a, 2 6, 3 c, &c. intersecting the 
former at the points a, ft, c, they will be in the curve of the 
parabola. 
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CONIC SECTIONS. 



OF THE HYPERBOLA. 



DEFINITION, 

1. If B and C, are two fixed points, and a rule A B be 
made moveable about the point B, a string ADC being 
tied to the other end of the rule, and to the point C, and if 
the point A is moved round the centre B, towards E, the 
angle D of the string A D C, by keeping it always tight 
and close to the edge of the rule A B, will describe a curve 
D F H G, called an hyperbola. 

2. If the end of the rule at B was made moveable about 
the point C, the string being tied from the end of the rule 
A| to B, and a curve being described after the same manner, 
is called an oppatite hyperbola. 

3. Foci are the two points B, and C, about which the rule 
and string revolves. 

4. Traanerse axis is the line I H, terminated by the two 
carves passing through the foci if continued. 

5. Centre is the point M, in the middle of the transverse 
axisIH. 

J 2 6. Con- 
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6. Conjugate axis is the line N O, passing through the 
centre M, and terminated by a circle from H, whose radioi 
is M C, at N and O. 

7. Diameter is any line V W, drawn through the centre 
M, and terminated by the opposite curves. 

8. Conjugate diameter to another ^ is a line drawn through 
the centre, parallel to a tangent with either of the curves, 
at the extreme of the other diameter, terminated by the 
curves. 

9. Abscissa is when any diameter is continued within the 
curve, terminated by a double ordinate and the curve, then 
the part within is called the abscissa. 

10. Double ordinate \^ a line drawn through any diameter^ 
parallel to its conjugate, and terminated by the curve. 

11. Parameter, or latus rectum, is a line drawn through 
the focus, perpendicular to the transverse axis, and terminal 
ted by the curve. 

12. Asymptotes are two right lines drawn, from the centre 
M, and the points R S, which is parallel to the conjugate 
axis N O, and drawn through the end of the transverse axis 
I H ; H R, and H S being equal to M N or M O, then 
M X, and M Y, are asymptotes. 

1 3. Equilateral or right angled hyperbola is when its trans- 
verse and conjugate axes are equal. 
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PROBLEM I. 

To describe an hyperbola by finding points in the 
curve, having the diameter, or axis A B, its 
abscissa B C, and double ordinate D £. 

1. Througli B draw G F parallel to D £ ; from D and 
£ draw D G and £ F parallel to B C, cutting G F in F 
andG. 

2. Divide C D and C £, each into any number of equal 
parts, as four: through the points of division 1, 2, 3, draw 
lines to A. 

3. Likewise divide D G and £ F into the same number of 
equal parts, viz. four ; from the divisions on D G and £ F 
draw lines to B, and a curve being drawn through the inter- 
sections at B a 6 c £, will be the hyperbola required. 



PROBLEM II. 

Given the asymptotes A B, C D, and a point E 
in the curve, to describe the hyperbola. 

1. Through the given point £ draw any right line £ F, 
cutting the asymptotes in the points t and I, 

2. Make i F equal to I £ ; from F draw as many lines as 
you please, cutting the asymptotes in the points g*, h, i, k, 4'C. 
and G, H, I, K, &c. 

3. Make G/, H /, K/, &c. respectively equal g F, ^ F, 
kFy&c. through the points /, f, /, describe a curve, and it 
h the hyperbola required. 

In the same manner may the opposite hyperbola be 



PROBLEM 
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PROBLEM III. 

Given the two conjugate diameters A B and C D, 
to find any number of points in the curve. 

1. Through B, draw F G parallel to C D, make B F, 
and B G, equal to £ C, or £ D, from G, through F^ and G. 
draw E H, and E I, the asymptotes. 

2. From A, draw any lines AC, A D, A E, and A F, 
cutting the asymptotes at the points Of a, a^ &c. and c, 
^f '> /f &c. Make the distances a C, a D, a £, a F, &c. 
equal to A c, Ad, A e, and A/, £rr. then the points C, D, 
£» Fy &c. will be in the curve. 



Fig. 11. Another Method. 

1. From the centre E, draw E I perpendicular and equal 
to E A or E B. 

2. Join B C, take any number of points F, G, H, in £ B^ 
and draw F/, G g, H h, parallel to B C, cutting £ C, at 

ff gf ^• 

3. Through /, g, hy C, draw /k,g I, h m, t «, &c. ; take 

the distance F I, and make^^, equal to it; then take 
G I, and make g /, equal to it ; in the same manner find 
the points m n. And if E B and E C are produced inde- 
finitely beyond B, and C, and lines be drawn parallel to 
B B, as before, any number of points beyond will be found 
in the same manner. 

PROBLEM IV. 

Given the asymptotes, and a point in the curve, 

to find two conjugate diameters. 

1. From the point B, draw BUD parallel to the asymp- 
tote C G. Make H D equal to H B, draw D C E, making 
C E equal to C D. Make C A equal to C B, then D E is 
, the conjugate to A B. 

PROBLEM 
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PROBLEM V. 

To describe a conic section through five given 
points Af B| C| D, £, provided that all these 
points are joined by right lines, and that any 
exterior, or angle, formed by these lines, be 
less than two right angles. 

1. Join any four points A, B, C, £, forming the quadri- 
lateral A B C £. 

■ 

2. Through the fifth point D, draw D/, 'and D^, parallel 
to A £, and B C, meeting A B produced both ways at the 
p(Mn^ f and g, if necessary. 

3. Also through D, draw h i, parallel to E C, meeting 
B C, and A £, produced at the points h, and t. 

4. Divide D A, D i, and D/, D g, into any number of 
equal parts, as six ; likewise divide D F and D G, into the 
one, vii. six. 

5. From the point b, and through the points 1, 2, 3, 
4, 5, in D I, draw the lines 1 E, 2 E, 3 E, 4 E, 5 E, cut- 
ting the lines B a, B ^^ Be, B (/, Be, and B/, at the points 
Oy bp e, dp Cy drawn from B, through 1, 2, 3> 4, 5, in 
D F, which are all in the curve. 

In the same manner, the points between B, and D, 
will be found, viz. by drawing lines from the points A, and 
C, through the lines D gy and D A. 

And if the lines D t, and D/, are produced, and the equal 
P^LTts 7) 8, 9) extended upon these lines, you would obtain as 
many points g, A, t, &c.' between A and B. 

PROBLEM 
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PROBLEM VI. 

To describe a conic section to touch a right line 
A Bj in a given point C, to pass through three 
other points D, E, and F. 

1 . Join D C, E Cy and D £ ; through F, draw F A, and 
F B, parallel to F E and D C, cutting A B, at A and B. 

2. Through F, draw G H parallel to D £, and produce 
the sides C D, and C E, to cut it at G and H. 

3. Divide F G, and F H, F A, and F B, each into any 
number of equal parts, as four. 

4. From C, through 1, 2, 3, in F H, draw C a^ C b, 
C c, &c. 

5. From E, through 1, 2, 3, in F H, draw 1 E, 2 E, 
3 Ey &c. cutting the former in the points a, by c, whick 
are in the curve. 

In the same manner may points be found in the other aide 

PROBLEM VII. 

To describe a conic section, to touch two right 
lines A B, and B C, in the points A and C, 
and to pass through a given point D. 

1. Join the points A, and C ; through D, draw D E, and 
D F, parallel to B A, and B C. 

2. Through D, draw G H, parallel to A C, cutting B A, 
and B C, in G and H, and divide D G, and D H, D E, and 
D F, each into the same number of equal parts. 

3. From A, through the points 1, 2, 3, in D E, draw the 
lines A fl, A 6, A c. 

4. From C, through the points 1, 2, 3, in D H, draw 
1 C, 2 C, 3 C, cutting the former in a, by c, which are in the 
curve. 

In the same manner may points be found between A and D. 

PROBLEM 
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The Sections of Solids. 



OF A CYLINDER. 



DEFINITIONS. 

1. A cylinder is a solid generated by the revolution of 
a right angled parallelogram, or rectangle, about one of 
its sides, and consequently the ends of the cylinder are 
equal circles^ 

2. Axis is a right line passing from the centres of the 
two circles which form the ends of the cylinder. 

3. If a cylinder is cut by a plane, parallel to a plane 
pasting through its axis, it will be cut in two parts, which 
are called segments of the cylinder .^ 

4. A segment of a cylinder is comprehended under 
three planes, and the curve surface of the cylinder; two 
of these are segments of circles : the other plane is a pa» 
ralklogram, which is here for distinction's sake, called the 
plane of the segment, and the circular segments are called 
the ends of the cylinder. 

5. The two sides of the parallelogram, which is parallel 
to the axis of the cylinder, is called the sides of the seg- 
ment of the cylinder, and the other two sides of the paral- 
lelogram are chords to the ends of the cylinder. 

6. If a cylinder, or segment of a cylinder, stands upon one 
of its ends, that end on which it stands is called the base. 

7. If the segment of a cylinder is cut obliquely by a 
plane, the intersection of that plane, with the plane of the 
segment, is called the chord of the section. 

8. The st*ction of a cylinder cut by any plane inclined 
to its axis, b an ellipsis. 

This is proved by the writers of conic sections. 

▼OL. I. • PROBLEM 
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PROBLEM I. 

To find the section of a semicylinder, cut by 
a plane at right angles tP the plane A B F I, 
which passes through its axis, making a given 
angle E F B^ with either of the sides B F. 



1. Let A D B be the circle of the base, and G Hf 
centre. 

2. Through die centre of the circle C, dnw G D, pa* 
rallel to F Br emttkig the circle of the base ia D, and £ P 
at G ; from G, draw G H perpendicular to £ F i make 
G H equal to*C D, thed £ F is the transverse axis, and 
G H the seniconjugate. 

Or it may be described by ordinates, as in fig % taken 
from the base, and transferred to the section^ as the figures 
direct. 

In the same manner may any segment be (bund, viz, by 
drawing lines parallel to the sides of the plane of the seg- 
menty till it cut the chords of the section ; from these potntSy^ 
draw perpendiculars to the chord, make' their several 
lengths from the chord equal to those of the base correa* 
ponding to them; a curve line being drawn through these- 
points, will be the true section of the segment required, 
is plainly shewn by Fig* 3. 
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PROBLEM n. 

^^ find the two axes of the section of a semi- 
cylinder cut by a plane, making a given angle 
ABC, with the plane £ F G H, passing 
through its axis; also in a given direction 
K I with the side K F. 

1. Let £ M F be the circle of the base and L itB centre. 

2. From the angular point B, of the g^ven angle A 
B C, djaw B D perpendicular to B A, and equal to L £ 
or L Fy the radius of the base ; draw D C, parallel to B A, 
jCutliag B C at C. 

3. Draw Q A, at the distance D C, parallel to IK; 
through the centre of the circle L, draw O M parallel to 
K F, cutting the circle of the base at M, and I K, at O; 
durough the point O, draw O P paiallel to £ F, cutting 
Q R, at P ; also through M» draw M N parallel to £ F, 
6om Py draw P S perpendicular to Q R, and P N parallel 
to O My cutting M Ny at N : join L N, cutting the circle 
at Z; make U S equal to B C, and join S upon O S; 
frum Oy make O V equal to L Z, then O V is the semi- 
ctqu^te^axis. 

4. Through O, draw W X perpendicular to O S ; draw 
L T perpendicular to L* N, cutting the circle of the base at 
T; ftom T, draw T Y parallel to L N, cutting the base 
F E produced at Y ; from Y, draw Y a parallel to O My 
catting K I produced at a ; from Ot draw a W parallel to 
Sy cutting W X, at W ; make O X equal to Wy 
Aca W X 18 the transverse axis. 

• 

G 2 PROBL£M 
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PROBLEM IIL 

Tq find the section of a segment of a cylinder, by 
ordinates cut by a plane through a given line 
I K, in the plane of the segment, making a given 
^gle A B C, at I K, with the plane £ F K I. 

1. Draw the tangent Z M parallel to E F, and draw 
O M parallel to K F, cutting the tangent at M, and 1 K 
at O, 

2. Take the distance L My and raal^e B D, perpendicaliur 
to the angular point B, of the given angle A B C^ cqua) to 
it ; proceed as in the last problem, find O V, and L Z. 

3. Draw any number of lines aa^ b b^ c c, &c, panllel 
to O Ly cutting the lines I K, and £ F> at the points 
Oy 6y Cy &c. 

4. From the points a, b, c, &c, in I K, draw lines a I, 
b2, c 3, &c. parallel to O V. 

5. Through the points a, b, c, in E F, draw lines a 1, 
6 2, c 3, &c. parallel to L Z, cutting the arc line of the 
base, at 1, 2, 3, &ic. 

6. Make all the distances a 1, b Q, c 3, 6cc. from I K, 
equal to all their corresponding distances a 1, 6 2> c 3, ^o. 
on the base. 

7. A curve line being traced through these points I W K 
will be the section required. 

In the same manner the section of any irregular figure 
may be found, as is plainly shewn by Fig. 2. 

Fig. 3. shows how to find the section when the angle A 

B C is oblique, 
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The Sections of Solids. 



OF A CONE. 



DEFINITIONS. 

1. A cone is a solid figure standing upon a circular 
base, diminishing to a point at the top, called its vertex, 
in such a manner, that if a straight line be applied from 
the vertex round the circle of the base, it shall coincide 
every where with the curve surface of the cone. 

2. A right line passing through the cone, from the 
vertex to the centre of the circle at the base, is called 
the axis. 

3. If a cone be cut by a plane, not parallel to its base, 
passing quite through (he curve surface, the figure is an 
ellipsis. 

4. If a cone be cut by a plane, parallel to a plane 
touching the curve surface, the section is a parabola. 

5. If a cone be cut by a plane, parallel to any plane 
within the cone that passes through its vertex, then the 
figure is an hyperbola. 

These three last definkums are proved by the writers of 
come sections. 

Note, the cone in the following problem, is supposed to 
bean upright one. 

PROBLEM 
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PROBLEM I. 
To describe the conic sections from the cone. 

Note, A D N if a iection of the pkou^ ftumg tkromgk Ui 
axis at right angUi with the Hctiotu of the etf^MU, paraboUif 
or hyperbola. 

For the elUpiis* 

1. Let G H be its transTcne-axU in the pUue A D 9; 
bisect it at K; through K^ draw R Q parallel to A D. 

2. Bisect Q R, at M, with the radius M R or M Q» 
describe the semicircle R P Q. 

3. From K, draw K H, perpendicular to Q R» Cnlting 
the circle at H: then K H is the semicoDJngale tadl| 
from which the ellipsis may be described as at No. 1. 

For the partMa^ 

1. Let S £ be the axis of the parabola, parallel to Ae 
other side N D. 

2. From £, draw E C at right angles to A D, the base^ 
cutting the semicircle at C : then E C is an ordinate or 
half the bus^ of the parabola, which may be described as 
at No. 2. 

For the hyperbola, 

1. Let I F be the height of the hyperbola, produce it' 
till it cut the opposite side A N, produced at L^ then F L 
is the transverse-axis. 

2. From I, draw I B at right angles to A D ; then 
I B is half the base, which may be described as at No. 3. 

Note, the letters are made to correspond at No. 1, 2, 
and 3, with those of the cone where they are taken fpoflt 

, THE 
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The Sections of Solids. 



OF A GLOBE. 



DEFINITIONS. 

A globe b a solid figure^ and may be supposed to be 
generated by the revolution of a semicircle about its dia- 
meteTy which becomes the axis of the globe, and the centre 
€f tbe aemidicle is the centre of the globe. 

QnroUary 1. Hence all right lines drawn from the 
centre to the circumference of a globe are equal to 
another, for the semicircle touches the surface of the 
ijtobe in every point as it revolves round. 

CorMtry 2. The section of a globe by a plane passing 
Aroo^ its centre, is a semicircle, whose diameter is equal 
lo the diameter of the generating semicircle. 

Carolkaj 5. Every^ section of a globe cut by a plane, is 
a ciiclc, for al) the lines drawn from the centre to its sur^ 
fiice, are equal, consequently the generating semicircle may 
ffvohe round any line as an axis, therefore every point 
in the semicircle will generate a circle. 

CaroUojy if. If a semtglobe is cut at right angles to the 
ffameof its hfoe, the section is a semicircle. 

PROBLEM 
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PROBLEM I. 

To find tlie section of a semiglobe at right an** 
gles to the plane A B Q through its centre, 
and pass through the line A B in that plane. 

Bisect A B in D ; on Dy as a centre with the radius 
D A, or D B, describe the semicircle A £ B, and it will 
be the section required. 

PROBLEM IL 
Given two segmeats of circles ABC, and D E 
F, equal or unequal, having their two chords 
A C, and D F equal to each other, and the 
segment ABC being placed upon D F, so 
that A C shall coincide with D F, and the 
segment ABC, at right angles to D £ F, to 
find the radius of a globe, so that the arc lines 
ABC, and D E F, shall be in its surface 
when the two segments are placed in the 
above position. 

] . Make a rectangle A D F C, so that the opposite sides 
A C, and D F, will be the bases of the segments ABC, 
and D E F. 

Q. Find the centres G and H, of these segments. 

3. Through H, draw I K parallel to D F and com- 
plete the semicircle I D E F K. 

4. Through G or H draw H L parallel to G F, cutting 
A Cy and I K, at L and H ; make H M equal to L G, 
join M K or M 1, and it will be the radius required. 

If upon M, as a ccnUe, with the distance MI, or M K, a segment 
1 N K is described, it will b« part of the greatest circle that can be 
drawn in the globe. 

PROBLEM 
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PROBLEM III. 

A figure being generated by the revolution of 
a plain figure, having two perpendicular 
legs, and the other side being irregular, or 
straight, or a curve line of any kind; the' 
figure being made to revolve about one of its 
perpendicular legs. To find the figure of the 
section cut any where across the base, and 
right angles to the plane of the base, having 
that section which passes through the axis given. 

1. Let A l^* £ G D be the circle of the base, and let the 
lecttoD required be cut across FG; also let A B'C be a 
lection of the solid passing through the axis. 

• 2* From the centre O, draw the concentric circles H h 
I if K k^ L /, to cut A B in the points U, I, K, L : and 
F G, in the points A, i, k^ L 

9. Erect perpendiculars to the lines A B and F G, both 
ways from these points, to cut A C in H, I, K, L. 

4. Make the distances h h, i iy k k^ I /, equal to their 
corresponding distances H H, I I, K K, L L; a curve 
being drawn through these points, it will be the section 
required. 

If the given section is a triangle, the section is an up- 
light hyperbola. 

If the given section is a semicircle, the required section 
will also be a semicircle ; these appear plain by the figures, 
and in this case there is no tracing required, 

VOL. I. R THE 
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The Sections of Solids. 



OF A SPHEROID. 



DEFINITIONS. 

1. A spheroid is a solid, generated by the rotitioii of 
a temicllipsis about the transverse or conjugate axis; a&d 
the centre of the ellipsis is the centre of the spheroid. 

3. The line about which the ellipsis levohes, is ciBed 
the axis. 

3. If the spheroid is generated about the conjugate axis 
of the semieliipsisy then it is called a prolate spheroid. 

4. If the spheroid is generated by the seniellipiis 
about the transverse axis, then it is called an oUoog 
spheroid. 

PROPOSITION I. 
Every section of a spheroid is an ellipsis, except when 
it is perpendicular to that axis about which it is gene* 
rated, in which ca&e it it a circle. 

PROPOSITION II. 

All sections of a spheriod paiallel to each other, are si* 
milar figures. 

PROPOSITION III. 

If a semisphcroid is cut by a plane at right angles to 
the base,* then the section is a semiellipsis, and the in- 
tersection ^^ith the base will be one of its axes ; and if 
a line is drawn perpendicular from the middle of that 
intersection to the base of the spheroid, to cut its surfacci 
that line will be half the other axis, whether trensverse or 

conjugate. 

PROBLEM 

* It ii hero meant that the base ii a section made by a plane* 
paffting through the centre of the spheroid at right angles to the 
transverse or conjugate axis of the spheroid. 
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PROBLEM I. 

Given the base A D B C, v^bicb is a section 
through the longest axis of an oblong sphe- 
roidy to find the form of the section, by 
cutting the base through the line £ F, at 
right angles to its plane. 

1. Let A B be the transverse, and C D the conjugate 
axes of the base ; through the centre G draw H I parallel 
to the given direction £ F, cutting the ellipsis at the 
points H and I. 

2. Produce £ F towards K, make Q K equal to G H 
or G I ; and erect the perpendicular K M. 

3. Make K M equal to C G or G D, and bisect £ F 
at Qj and draw M Q. £rect the perpendicular F P, cut- 
ting M Q at the point P, and through Q, draw Q R pa*- 
rallel and equal to K M, -then Q R will be the semicon- 
jugate, and £ F, the transverse axis of the section re- 
quired, from which, the ellipsis may be described by any 
of the foregoing methods. 



H a PROBLEM 
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PROBLEM 11. 

To find the length of apy arc ABC of a circle 
mechanically^ very near ; or to transfer the 
same on the circumference of another circle 
F G H of a different radius, from a given 
point F. 

1. Take your compass at any small opening, beginning 
at Ay and take the equal parts 1, 2, 3, 4^ 5, 6, on the arc 
ABC. 

2. From D, lay the same number of equal parts on the 
right line D £, towards £, viz. 1, 2, 3, 4, 5, 6, and from 
the arc ADC, take the remaining part 6 C, and place it on 
the right line D £, fropa 6 to £ ; then will the length of 
the right line D £ be nearly equal to the arc ABC 
stretched out. 

In the same manner may A B C be transferred to the 
circle FG H, viz. by taking the divisions 1, 2, 3, 4» 5» 6, 
and beginning at F, with the same opening of your com-r 
pass, setting oflf the divisions 1, 2, 3, 4, 5, 6, on the arc 
F G H, and transferring the part 6 C to 6 H, as before ; 
then will the arc F G H be equal to the arc A B C. 



Of a Cycloid or Epicycloid^ 



DEFINITION. 

A cycloid or epicycloid, is a figure generated by a circle 
rolling b\o:VjI the i>traight idge of a ruler or another cir- 
cle at rest, while a point in the circumference describes a 
figure on Uic plane called a cycloid or epicycloid. 

PROBLEM 
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PROBLEM I. 
To describe a cycloid. 

1. Let B C be the edge of a straight ruler: erect A D 
perpendicular to B C equal to the diameter of the 
generating circle; upon the diameter A D» describe a 
circle; through the centre at £, draw Q R parallel to 
EC. 

2. Divide the seroicircumference D 1 2 3, Sec, to A, 
into equal parts, and lay the same number of equal parts 
upon the right line A B, from A towards B ; from all the 
divisions on A C, erect perpendiculars, cutting Q R, at 
the points F, G, H, &c. 

3. With the radius £ D or £ A, on the points F, G, H, 
kc. as centres, describe arcs I f, 2 gy 3 h^ &c. take the 
chords A 1, A 2, A 3. &c. from the semicircle; make 
the distances 1/, 2 g» 3 ^, &c. respectively to them, then 

points will be in the curve of the cycloid* 



PROBLEM II. 
To describe an epicycloid. 

1 . Let B A C be the edge of the circle round which the 
ether circle is to turn ; through the centre S, and the point 
A, in the circumference, draw the right line S D : make 
A D equal to the diameter of the generating circle. 

2. Divide the circumference D, 1, 2, 3, &c. into equal 
parts and place them upon the arc A C, from A to 1, 2, 3| 
&c. to 8. 

3. With the radius S £, on the centre S, describe the 
arc Q R; through th^ centre S, and the points 1, 2, 3, &c. 
draw lines, cutting Q R at F, G, H, &c. and proceed in 
every other respect, as in the cycloid, and you will get 
the curve. 

END OF THE GEOMETRY. 
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ARITHMETIC 



DEFINITIONS. 

I. ,/jLRITHMETIC is a science which Explains the pro- 
perties of numbers, shewing the method or art of computing 
by them. 

II. Unit or wnty^ is only a single thing. 

III. Number is a multitude of units^ 

IV. Natation teaches to express numbers by words or 
fignreSi or to read and write any sum or number. 

NOTATION. 

The characters or figures, by which all numbers are ex* 
pressed, are the following ; 1 one, 2 two, 3 three, 4 four, 
5 fite, 6 six, 7 seven, 8 eight, 9 nine, a cypher, sometimes 
cdkd nought. 

S is 1 and 1 more. 

8 is 2 and 1 more. 

4 is 3 and 1 more. 

5 is 4 and 1 more. 

6 is 5 and 1 more. 

7 is 6 and 1 more. 

8 is 7 ftnd 1 more. 

9 is 8 and 1 more. 

Tha number called 10 is 9 and 1 more. 
▼OL. I. X Besides 
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I 

Besides the above value of the figures, they have another, 
which depends upon the place ilSej stand in, when joined 
together, as in the following table. 

•J .SP t .2 S g :3 g .5 

987664321 

98 7 65432 

9 8 7 6 5 4 3 

9 8 7 6 5 4 

i 9^765 

9^76 



I S i . 9 « 7 
^ .2 ^ S 9 8 

2 ^ J! H -p ^ 






I "S.f I "3 I I . 



I. All figures in the first perpendicular row, are units; so 
that 1 signifies one unit, 2 two unitS| 3 three units, &c. 

II. Every unit in the second place, is ten times as great as 
an unit in the first place ; so that 2 in the second place wouM 
signify two tens, and 3 three tens. 

In general, every unit towards the left hand, is ten times 
as great as the next unit towards the right ; so that an unit 
in the place of thousands, would be equal to ten hundred ; 
every unit in the ten thousands in the fifth place, would be 
equal to ten thousand in the fourth place ; every hundred 
thousand in the sixth place^ would b^ equal to ten ten thou- 
sands in the fifth place, &c. 

• For 
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For the more easy reading of large numberSy they are 
divided into periods and half periods, each half period con- 
nsting of three places of figures ; the name of the first half 
period being units; the name of the other half period thou- 
sands. Also the fifst figure in any half period is units ; the 
second, tens ; and the third, hundreds of that half period. 

The following table exhibits a summary of the whole 

doctrine: 
Qudrillkms. TrUlions. Billiras. Millions. Uniu. 

738,452. 436,135. 345,984. 412,624. 213»4(9. 
th. vo. th. uo. th. an. th. qq. th. un. 



Qiuidrittioiu. 



MUliom. 



umti. 



EXPLANATION. 

Seven hundred thirty-eight thousand, 
ibar hundred and fifty-two ..---- 

Foar hundred thirty-six thousand, one 
kundred and thirty-six ...•.-•» TriUioMm 

Three hundred forty-five thousand^ 
nine hundred and eighty-four . . . ^ • ^ .BiUians, 

Four hundred twelve thousand, six 
kundred and twenty-four -.---- 

Two hundred thirteen thousand, four 
kvnted and lixty-nioe ••-•.•,. 

EXAMPLES. 
IFfi^e down in ^gures^ thirty-^ve, - - - - jfru, 35. 
Write dawn in figures j one hundred and thiriy-nx Ans. 136. 
Write down infigures^ one thousand thru hundred and twenty. 

Ans. 1320. 
Write down in figures^ one miUion and three thousand. 

Ans. 1003000. 
Wriit daaminfigmru^ three hundred thousand and ong. 

Ans. 300001. 

Fraa these examples it appears, though a cypher or 

afnito nothing in itself, yet it serves to fill up the vacant 

placQti and shows the true place of those figures which are 

towards the left hand of it. 

I 2 SIMPLE 
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SIMPLE ADDITION. 



DEFJNrnON. 

JuLDDITION is a rule which shows how to collect two or 
more numbers into one sum. 

NOTATION. 

I. The character which denotes additicm is marked -f* 
which siguifies the number that follows this mark, is to ba 
added to the one which goes before it; thus, 54-3 signifies 
that the three is to be added to the five, and 44-25-{-9 signi* 
fies that 25 and 9 is to be added to the 4. 

II. The^ign = is the sign of equality; thus 5-|-3s8. 

AXIOM. 

The whole of any thing is equal to the sum of all its 

parts. 



PROBLEM I. 
To add one or more numbers together. 

I. Place the given numbers so that units will be under 
unitSy tens under tens, and hundreds under hundreds, &c. 

II. Begin the place of units, reckon up all the figures in 
that place from bottom to top : take as many tens out of it as 
you can, set down the overplus, and carry the t^ to the 
next row. 

III. Add 



AEITHMETIC. 61 

III, Add the tens you carried from the last row, to the 
first figure in the next row of tens; to these, add all tUe re- 
maining figures from the bottom to the top, and set down the 
overplus above ten, as before, and carry the tens to the next 
row of hundreds, and in this manner go through each, till 
you have completed the whole* 

THE PROOF OF ADDITION. 
Is to begin at the top, and add the numben downwards ; 
and if this sum agrees with the former, then the work is con- 
cluded to be right. 

EXAMPLE. 
WkM is tie mm rf 785, 314, 409, 6i5, 483, 654, and 329? 

785 
314 
409 
625 
483 
654 
329 

Sum 3599 



EXPLANATION. 

Begin at the lower figure in the place of units, viz. 9, and 
my 9 and 4 is 13, and 3 is l6, and 5 is 21, and 9 is 30, 
and 4 is 34, and 5 is 39 : set down 9, and carry 3 to the 
next tow of tens. i 

Again say, 2 and 3 carried is 5, and 5 is 10, and 8 is 18, 
and 2 is 20, and 1 is 21, and 8 is 29: write 9 under, and 
cany 2 to the next row. 

Lastly say, 3 and 2 carried is 5, and 6 is 11, and 4 is 15, 
and 6 b 21, and 4 is 25, and 3 is 28, and 7 is 35, which is 
set down in full, being the last row. 

PROOF BY ADDING DOWNWARDS, 
5+4+9+5+3+4+9=39, set down 9 and carry 3. 
Then 3+8+1+2+8+5+2=29, set down 9 and carry 2. 
Again 2+7+3+4+6+4+6+3=35, which proves the 
whole work to be right. £X« 



31 . 
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Ex. II. 

3845 

4213 
6954 
3847 
7053 


AEITHNXTIC. 

Ex. III. 

4905432 
6953641 
2649582 
4638549 
ti756754 


Ex. IV. 

473216 
978543 
293847 
192837 
928574 


25912 


22303958 


2866817 




EXAMPLE V. 





409+3785+47 + 32 1 +35s4597- 
The reason for cari^iog one erery time, is evident £roDi 
the method of notation, and the totalsum in equal to thesoai 
of all the parts, which is evident from the axiom. 



SIMPLE SUBTRACTION. 



DEFINITION. 

Subtraction is a rule for finding the difference between any 
two given nunibi'rs; the greater is called the minuend, and 
the lesser the subtrahend. 

NOTATION. 

The character — , is the sign of subtraction ; which sig- 
nifies the numbi-r or numbers that have this matk placed 
before them, are to be subtracted or deducted from those 
numbers which are marked with a sign +*. 
Thus 5—3=2 and 4+3—2=5, likewise 5+3+6—3—4=7 

AXIOMS. 

* Tke tign -f is never oied «t sdj btgioabig oambtr, bai is alwajt 
Modentood to be marked. 
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AXIOMS. 

L If equal numbers are added to unequal numbers, their 
diifinrcnce are still the same as before; thus, the difference 
between 5 and 7 is 4 y now let 10 be added to each, then 
die numbers will be increased to L3 and 17; but 17 taking 
13 away, is also equal to 4. 

II. The difTerence of two numbers added to the lesser, is 
equal to the greater; thus the difference between 3 and 5 is 
2, wliich added to the least, viz. the 3, makes it also 5« 



PROBLEM II. 
To subtract one number from another. 

L Place the subtcahend under the minuend, so that units 
maj be under units, tens under tens, &c. 

II. Subtract the lower figure from the higher, if the upper 
figure b greatest, set the difference under; but if the lower 
figure is greater than the higher, add 10 to the higher, and 
set down the difference between the higher figure thus in- 
Cfcaaedy and the lower. 

nL II 10 was added to the higher figure in the first place, 
yoa mwt 9dd 1 to the lower figure in the next place, and 
tabtnct it from the higher figure as in the first place; proceed 
diroo^out the whole in the same manner, setting each dif- 
ference under their Respective columns, and you will have the 
tnie dUfEerence of the whole. 

Tlie proof of subtraction is to add the difference to the 

tubtiaheBd; if the work is right the sum will be equal to the 

mmeniL 

EX- 
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EXAMPLE I. 



IVkat is the difrence between 736154, and 69^839? 

Minuend 736} 54 
Subtrahend 692839 



Remainder 43315 



Proof 736154 



EX?LANATION. 

As 9 cannot be taken from 4, 10 is added to the 4, which 
makes it 14; then 9 taken from 14, there remains 5, which 
is put under; because 10 was added to the upper figure in 
the last place, I must be added to the 3 in the next place, 
which makes it 4; then 4 taken from 5 there remains 1; 
write 1 under. Again, 8 from 1 I cannot, therefore I must 
add 10 to the 1, which makes it 11 ; then 8 from 11 there 
remains 3, which set down : and because 10 was borrowed 
to the upper figure in the. last place, I must add 1 to the 2 in 
the next place, and proceed throughout the whole in the 
same manner. 



Ex. 11. 

From 7^S69G6^ 
Take 65362398 



Ex. m. 

From 7963220 
Take 2759668 



Remainder 1 3207 265 



Remainder 5203552 



Proof 7^569^3 



EXAMPLE IV. 
5630876—273566=53523 10. 



The 



The reason of subtraction is evident; for when any figure 
in the greater number is less than its corresponding figure 
in the lesser or under number, the 10 which is added to the 
upper figure in that place, is equal to unity in the next 
place, by the method of notation : wherefore it follows, if 
10 it added to the upper figure in any place, that 1 must be 
added: CO the lowest figure in the next place, therefore the 
two numbers, viz. the minuend and subtrahend, are equally 
augmented ; then by the axiom their difference are still the 
same, and the whole difference being equal to the sum of the 
difierences of all the similar parts, hence it follows, that the 
sum of the remainders of each correspondent place will be 
the tree difierence of the two given numbers. 



SIMPLE MULTIPLICATION. 



DEFINITIONS. 

JVxULTIPLICATION is a compendious method of add- 
ing any given number a certain number of times to itself; 
hence multiplication shows how to find a number to contain 
another any given number of times. 

IL The number repeated is called the multiplicand. 

UL The number of times by which the multiplicand is 
repeated, is called the multiplier. 

IV. Tlie multiplier and multiplicand, are each called 

/)ictoiv. 

V. The number arising, by repeating the multiplicand as 
oAen as there arc units in the multiplier, is called the product. 



6$ 
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NOTATION. 



The chancier X is the sign of mukipUcaticMD, whk^ 
being pUced between two or «iore Bumberfi tigiite 
that they axe to be multiplied together; thm^ dx^ea^t 
and 4X4I=:^Q; likewise 2X3XSs3aQ^ Ihttt i% 8X3sdS, 
and 6x^^30. 



AXIOM. 

If the multiplier is separated into several partly and au:h 
part being multiplied by the multiplicand, the sum of all tht 
products will be equal to the multiplicandf taken as often 
as there are units in the multiplier, thus 4x3s5l2; now 
let the multiplier, via. the 3, be separated into the parti 2 
and 1, then 2X^=8, and 4X1=34, but ft | ii— I? as 
before. 

For the ready maltiplyiag of larga numbcn, the following 
table must be learned by heart, which contains the product 
of any two of the 9 digits. 



1 

2 
3 
4 
5 
6 
7 
8 

9 


2 
4 

6 

8 

10 
12 
14 
16 
18 


3 
6 


4 
8 


5 

10 
15 
20 


6 


7 


8 


9 


12 


14 


16 


18 


9 
12 

15 


12 
\6 
20 


18 


21 


24 


27 


24 


28 


32 


36 


25 


30 
36 


35 


40 


45 

54 


18 
21 

24 


24 


30 


42 


48 


28 
32 


35 

40 


42 
48 


49 


56 


63 


56 


64 


72' 


27 


36 


45 54 


63 


72 


81 



PI^Qi^M 
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PROBLEM III. 
To multiply one number by another. 

I. Placto the multiplier under the inulliplicand, so that 
units may he under units, tens under teps, &c. and draw a 
line vad^thenu 

II. B^n at the units place, and multiply the multipli- 
euid Jgr each figure of the multiplier, observing to place ihe 
fint figite of tach product^ under that figure of the product 
by which you multiply with. 

IIL Add the several' products together, and the sum will 
be the pnrthict of the whole. 

The most certain proof of multiplication, is to make the 
multiplier the multiplicand. 

EXAMPLE L 
ff'ibtf If tkefroduci tf 364^ muUip^d 6y 25 f 

Proof. 
Multiplicand 364 S5 

MultipUer 25 364 

1820 109 

728 150 

— - 75 

Prntuct 9100 

9100 



EXVLANATION. 

Begin with the first figure of the multiplier, viz. the 5, 
and say jk^Ss^SO : set down a cipher or under, and carry 
i to the next place; then say, 6x^=^30, and 2 carried 
makes 32 : set down 2 and carry 3 to the next place ; and 
tay, 3X^«I^ ^^ 3 carried is 18, which is set down in 
full, being the last place. 

Then bq;in with 2» the next figure, and say, 4XSs=8, 
which b set under the 2; then say, 6xSs=:12 : set down 2 
and cany 1; and say, 3X2^s6, aud 1 carried is 7: which 
write down, then add the columns together, and the sum, 
vis. 9100, is the product. 

K 2 Ex* 




6B 
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Ex. 11. 

• * 

Multiply 38543 
By 4984< 

g 154172 

5+r . 30834* 

8 346887 

154172 



Product 192098312 



•I •■ i 



•• 



'I: .;.! f. I 

i Ex. IIL 



Multiply SO(m% 
Bv 2364 



« i 



• 1901988^ 

1302892 
901446 

600964 



Product 710339448 



... • 

There is another very expeditious method of proof, though 
not infallible, which will serve to confirm the truth of ope- 
rations performed by multiplication, and is as follows : 

First make a cross, add all the figures of the multiplicand 
together, omit the g's out of the sum, and set down die 
excess on one end of the cross ; do the same with the multi- 
plier, and set the excess on the opposite end of the cross; 
then multiply the two excesses together, and leave out the 
9's of the product, and if this last excess agrees with the 
excess above the 9's in the sum of the digits in the total pro- 
duct, then the work is concluded to be right. 

Thus in Example II. the sum of the digits of the multi- 
plicand, viz. 34-84-54-44-3=23, the excess of the 9I1 in 
23 is 5. Again, the sum of the digits in the multiplier is 
44-84-4=16, the excess above 9 is 7; then 5X7=:35, and 
the excess of the 9's in the product is 8 : lastly, the excess 
of the sum of the digits in the total product is 8, which 
shows that the work is right. * 



To 
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eg 



To contract the work in particular cases. 

When there are any ciphers in the middle of the multiplier, 

« 

omit them ; only observe to place the first figure of each 
product under that figure of the multiplier by which you 
multiply with: but if there arc ciphers on the right hand 
of either the multiplicand or the multiplier, or in both, add 
die number of ciphers to the right hand product that there 
b to be found in each. 



Ex. IV. 



Ex. V. 



379532 
305003 


405832 
14800 


1138596 
1897660 
1138596 


3246656 
1623328 
405832 


115758398596 


6006313600 


• 

Ex. VI. 

493754 
30600 


Ex. VIL 

3854800 
38000 


2962524 
1481262 


308384 
115644 


15108872400 


146482400000 


EXAMPLE VIII. 
4953698 X 1000=4953698000. 



EXAMPLE IX. 
3750038000 X 100000=375003800000000. 



EXAMPLE X. 
60000X3000000=180000000000. 



The 
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The reason of multiplying will appear evident; thnt, if 
any two numbers are to be multiplied together* either of the 
two may be made the mtiltiplier ; thus, 3X 4 b the same -n 
4X3* To multiply any quantity, is to take the multipli- 
cand as often as there are units in the multiplier; Ihen 3 
being multiplied by 4, is to take the 3 four, tiaica: afun, 
when 3 is made the multiplier^ it will be 3 tifliei the wiits 
in 4 ; but there are 4 units in 4, and CMisef^MQtly tb«B 
must be four 3's, that is, 4 times 3. The same. nMOB wiD 
hold good for any two numbers whatever; and il will Aftfcer 
appear, when the multiplicand is considered as units, if 
the first figure of the jnultiplier is units^ then &e product of 
the multiplicand by the first figure, will also be units ; and 
if the multiplicand be multiplied by any figure in the place 
of tens, then the product will also be tfiUS : in like manner, 
when the multiplicand is multiplied by any fiigore of the 
multiplier, whether hundreds, thousands, die* the product 
will be of the same kind with the multiplier, m. hundreds, 
thousands, &c; but by the axiom, die total product is 
equal to the sum of all the products of the multiplicand, by 
each figure of the multiplier, which shewi that: the method 
is true. 



SIMPLE 



^ 
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SIMPLE DIVISION. 



DEFINITION. 

L J^ I VISION is a rule which shows how often one num- 
ber is contained in another, or how often one number may be 
•fubtracled from another, which is the same thing; or how 
often one number will divide or measure another number; 
hence divisions is the reverse of multiplication. 
!!• The number to be divided is called a dividend. 

III. The number you divide by is called the divisor* 

IV. The number of times arising by dividing the dividend 
by the divisor, is called the quotient. 

V. If die dividend contains the divisor any number of 
timcSy and a part be left that the divisor will not measurey 
Aal part b called a remainder. 

NOTATION. 

The sign -f- is the character which denotes division; 
thus 12«ip2i=6, sigmfies that 12 is to be divided by % or 
that two is contained in 12 six times; likewise, 36«r^=9> 
or it is often wrote In this manner, 4)36(9, the middle 
uunber being ^e dividend ; the number on the left hand, 
the divisor, and the number on the right hand, the quo- 
tient. Division is vciy often expressed in this manner; 
V^sPf that isy 36 divided by 4» is equal to 9: also, f^^^y 
which expressed, is 48 divided by 12, and is equal to 4; or 
the quotient arising by dividing 48 by 12 is 4. These two 
last are the most useful forms of denoting division. 

AXIOM. 
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JXIOM. 

If any number is both multiplied and divided by the 
same number^ it will be the same as if it had been neither 
multiplied nor divided, for multiplication shows how to find 
a number to contain another any given number of times; 
and division shows how often one number may be contained 
in another. 



PROBLEM IV. 

To divide one number by anotheri or to find how 
often one number may be had in another. 

I. Write down the dividend, and draw a curve line on 
each side of it, to separate it from the divisor and quotient. 

II. Write the divisor on the left, inquire how oflten it may 
be had in the same number on the left of the dividend, and 
write duwn the number of times on the right for the first 
quotient figure. 

III. Multiply the divisor by the first quotient figure, and 
subtract the ])roduct from the dividend ; but if the* divisor 
cannot be had in the same figures as before, you must take 
one figure more in the dividend, than you have figures in the 
divisor, and proceed as before. 

IV. Annex to the right of the remainder, if any, the next 
quotient figure, and inquire how often the divisor may be 
had in the remainder thus increased, and put the answer in 
the quotient as before; but if the divisor cannot be had in 
tliis remainder, you must bring as many more figures from 
the quotient as are requisite to contain the divisor, put as 
many ciphers in the quotient, excepting onC| as you have 

got 
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got additional figures to the remainder, and write the num- 
ber of times the divisor can be had in the remainder in- 
creased, on the right of the cyphers, and proceed as before, 
and the quotient is the answer. 

llie proof of division is by multiplication; if you mul- 
tiply the divisor and the quotient together, and to the product 
add the remainder, the sum will be equal to the dividend* 

EXAMPLE I. 
Haw often can 2^ be contained in 36549? 

Dividend. VvooU 

Dirisor 24)36549(1 522 Quotient 1522 

24 Answer 24 



125 6088 

120 3044 



54 36528 

48 +21 Remainder 

69 36549c=the divid. 
48 



Bcmainder 21 



EXPLANATION. 



First say, how often is 24 contained in 36 } the answer 
Ml, which is set in the quotient; then say, 24x1^24, 
which put under the 36 : then draw a line under, and put 
the difference 12 below, bring down the next quotient figure, 
Tix. 5 to the 12, which will make 125 ; then inquire again 
how often the divisor can be had in 125, it will be found 
upon trial to be 5 times; then 24x5=120, which put under 
and subtract as before, and the remainder will be 5: to 
this, bring down the next quotient figure, vi«. 4, and pro- 
ceed as before, then you will find that 24 will be contained 
in 56549> 1522 times, and leave a remainder of 21. 

▼ou I. L Ex^ 
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Ex. II. Ex. Ul. 

459$3)1 6761 805(565 43042)9901 5989^(23004 
157769 86084 



298499 129299 

275558 129126 



229615 17589C 

229615 17216s 



1728 



To contract the work in particular cases. 

If there are any ciphers on the right hand of the divisor, 
6init them, and |K>int off as many figures on the right hand 
of the quotient, as there are ciphers on the right of the di- 
visor, and divide the remaining figures in the dividend hy 
those of the divisor, and to the remainder, annear the figures 
cut off from the dividend, and you will have the whole 
remainder. 

Ex. IV. contracted. Ex. IV. at full length. 

65 I 00)5125729 I 58(49585 6500)512572958(49585 
252 25200 



603 60372 

567 56700 



367 36729 

315 31500 



522 52295 

504 50460 



189 18938 

185; 1«900 



Remainder 38 38 



From this example, it appears it would be evidently lost 
labour to divide by the ciphers, which in many cases would 
require more than double or treble the number of figures, 
than it would have by the contracted way. 

When 
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When yon have any single figure to divide by, yon need 
not set down the operation at large, but multiply and sub- 
tract in your mind ; write the quotient under the dividends 
and the remainder at the end of the quotient, if any. 



EXAMPLE V. 

[How often is 8 cwtamti in 3S90735 1 

8)3290735 

— Rem* 

Answer 411341 7 
Quotient. 



EXfLANATION. 

Ei^t cannot be contained in 3» but join the next figure 
to it^ whidi will make it 32 ; then the 8's in ^2, is four 
liiBei» write 4 under : then the 8's out of the next figure, 
vis.9» is once and one over, put 1 under the 9; then join 
tdbe next figure 0, to the 1 that remained, it will make 10; 
4mb the 8's out of ten, is once and 2 over, write 1 under, 
and j<»n the next figure to the 2, it will make 27 ; then the 
ff% in 27y three times and 3 over; proceed in this manner 
Aitmgh the whole, tod you will find your quotient to be 
411341, and your remainder 7* 

If yon ha?e a division with any number of ciphers on the 
fi|^t hand of a single digit, point off the number of ciphers 
in dbe divisor, and as many figures ficom the right hand of the 
Afidend, as directed to contract the work in long division, 
and proceed as in the last example. 



L £ KX- 
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EXAMPLE VI. 
tnai tt fke qwOiM of 573892648, dlfcwM ly 4000? 

4 I 000)573892 I 648 

Answer I4347S 648 Remainder 
Quotient 

EXAMPLE VIL 

How often u 30000 amtamed m 375496583 ? 

3 I 0000)37549 1 6583 
Answer 12516 16583 Rem. 



\\1ien you divide by 10, 100, or 1000, &c. you need 
only poin( off so many figures from the right hand of tiie 
dividend, as you have got ciphers in your divisor, the re- 
maining figures will be your quotient, and the figures pointed 
off will bo the remainder; thus, 738495 divided by 100, 
will be 7385 | 49, the quotient being 7385, and the re- 
mainder 40. Also 495374 divided by 100000, is 4 | 95374. 

EXAMPLE Vin. 
537 9643 1-i. 10000=537 9 | 6432. 

EXAMPLE IX. 
400384000054^1000000=400384 { 000054. 

EXAMPLE X. 
456300000-r- 10000=45630 | 0000. 



•• 
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The reaion of divUion will best appear by an example a» 
under. 



36)163,24(400+50+3= 
144,00 


:«453 


192,4 
180,0 




124 
10 8 

Rem. 16 


14400 

1800 

108 

16 


Proof 1632 4 


16324 Proof 



From this example it appears, that the greatest number 
of hundreds that 36 can be contained in l6324« is 4, and 
the remainder is 1924; and the greatest number of tens that 
S6 can be contained in 1924, is 5, or 50, and the remainder 
is 124; and lastly, the greatest number of units that 36 can 

< 

be contained in this last remainder, viz. 124, is 3, and the 
lemainder 16, therefore the whole number of times that 36 
can be contained in 16324, is 400+50+3=453 times; and 
by observing this work, it will be found to be the same as the 
general rule explains. 

Division may be quickly proved by throwing out the 
S^s, as in multiplication ; but as this method is i\ot so certain 
a proofs it may be very easy proved by addition only, by 
adding the remainder to all the products of the divisor by the 
quotient figures, and if this sum is equal to the dividend, then 
tfit work is right. 

Thus in the above example, begin at the right hand of the 
lemainder, and say, 6+8=14, set down 4 and carry 1 ; 
and say, 1 carried and 1 is 2, set down 2; and say, 1+8+4 
s:15, set down 3 and carry 1 ; and again say, 1 carried and 
1+4=6, set down 6; lastly, set down 1, and tho whole is 
16324, which agrees with the dividend. 

Tables 
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Tables of CoinSj Weights^ and Measures. 



MONEY. 

Mnked 

4 fiarthiiig^ nuike 1 penoyy dm 

IS pence - 1 thiUing, «. 

90 shilling! - 1 pound, £ 

A fiurthing is always marited thus, |; a hMUpeany^ or tw9 
fiurthings, ihus, | ; and three fsrthing^ dios, |. • 



TROY WEIGHT. 

By this weight are weighed gold, silver, amberi &c. 

BCirked 

24 grains make 1 penny weight . . . dwts. 

20 penny weights make 1 ounce . . • os. 
12 ounces make 1 pound lb. 



AVOIR. 
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AVOIRDUPOISE WEIGHT. 

By this weight are weighed, butter, cheese, flesh, grocery 

and all goods that have waste. 

Marked 

10 drachms make 1 oz dr. 

16 ounces make I lb lb. 

88 pounds make 1 quarter '..••• qr. 
4 quarters make 1 hundred weight . • cwt. 
20 hundred weight make 1 ton • . • ton. 
Note, that 14 ounces 11 penny weights, and 15 and % 
lialf grains troy, are equal to one pound Avoirdqpoise. 



A Table of Feet^ Inches^ ^c. 

By this table, artificers in the building branch measuia 
if work; but this sort of measure extends to length only. 



1% inches make 1 foot < 
12 parts make 1 inch 
)2 seconds make 1 part 
12 thirds make 1 second 
12 fourths make 1 third 
&c. 5ec. 



Marked 
ft. 
in. 

P- 



'. ?' 



SQUARE MEASURE. 

By this measure is measured all things that have length 
and breadth^ such as carpenters work, joiners work, biick- 
layei^s work, plasterer's work, &c. 

144 inches make 1 foot. 

9 feet make 1 yard. 
100 feet make 1 square flooring. 

COM. 
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COMPOUND ADDITION. 



DEFINITIONS. 

V/OM POUND Addition teaches to collect several nam* 

bers into one &um. 



PROBLEM V. 

To add numbers of divers denomiDations to- 

gethen 

I. Place the numbers of the same denomination under 
each other, and draw a line under them. 

II. Begin at the lowest denomination, and add up the 
figures in that place: find how many units of the next deno- 
mination is contained in that sum, by dividing it by so many 
as will make one of the next denomination. 

III. Write the remainder or overplus underneath: add 
the quotient to the next place, and proceed through each 
column, as in the first place, writing the several remainders 
under their respective columns, till you get to the last place, 
which sum must be set down in full : by this means you will 
have the total sum of the whole. 



EX- 
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1 


Ex. I. 


Ex. IL 


Ex. III. 

• 




MONEY. 


TROY WEIGHT. 


AVOIRDUPOISE 


\VT. 


1. a. d. 


lb. Ok. dwt. grs. 


ton. cwt. qr. lb. 


01. 


365 ]6 9 


17 3 15 23 


40 15 3 20 


10 


40 15 4| 


14 6 3 20 


14 3 2 


11 


3(K> 12 1| 


10 2 12 


106 19 1 5 


3 


136 18 3 


11 5 U 10 


14 5 U 


13 


12 13 Si 


12 U 1 


5 10 2 27 


12 


410 U 4 


10 4 6 11 


112 18 3 25 


15 



81 



1273 7 6i 67 5 At 4 294 13 2 8 



EXPLANATION. 

I. In example I. by adding up the iarthingSy you will find 
that their sum is 6, and because that four farthings is equal 
to one penny, therefore the 4*8 out of 6, is once and 2 over ; 
let down 2, and carry 1 to the place of pence. 

II. Add up all the pence together, as in simple addition, 
and their sum will be 30, and because that 12 pence is equal 
to 1 shilling, therefore divide 30 by 12, then the quotient 
is 2» and the remainder 6 ; set down 6, and cany 2, or two 
shillings, to the next place. 

Ill* Proceed in the same manner with the shillings, and 
divide their sum by 20, because 20 shillings make one pound, 
then there is four 20's and 7 over, or 4 pounds 7 shillings, 
•et down 7 and carry 4 to the place of pounds. 

rV. Then add the pounds together, and ^t their sum 
under, then the whole sum will be 1^73 poundsi 7 shillings 
and € pence halfipcnny. 

In the same manner may any other kind of denominations 
be added together, by observing how many of any denomi- 
nation make one of the next. 

rQh. I. ■ M £X- 



as 
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EXAMPLE IV. 

A gmtUma^t koute bemg Jimsked^ it orders tie weoeni 
artj/iceri to send in their hiUsy indudsng all the materiaU wkkk 
they had fowsdy which are as Jbllaws : iow much has the whole 
hottse cost him in builSingf 





£ s. 


d. 


Bricklayer's bill . 


. . 96s 5 





Carpenter's do. . . 


. . 17 S6 16 


4 


Stone Mason's do. 


. . 650 14 


H 


Plasterer's do. • . 


• 580 





Painter's do* • . . 


. . 460 16* 


9 


Glazier*8 do. • . « 


• 198 15 


6 


Plumber^s do. . • < 


. . l58 U 


6 


Blacksmith's do. • . 


1185 18 


3 


Paper^anger's do. 


. . 850 12 


69 


Bell-hanger's do. . . 


. . 100 






£5451 13 4 Ans. 



EXAMPLE V. 

How many shillings are there in a guinea, apound, and « 

crown? 

21 shillin^sra guinea. 

* 20 shillings=a pound, 

5 shillingsssa crown. 

Answer 46 shillings in the whole, ' 



COM. 



AftXTttMETIC. %S 



COMPOUND SUBTRACTION. 



DEFINITION. 



C 



'OMPOUND Subtraction is a rule for 6nding the difier- 
enoe between any two numbers of different denominations, 

PROBLEM VI. 

To subtract numbers of different denominations 
, from each other. 

L Place the greatest number above, and the lesser under- 
aeathy so that the same denominations may stand over each 
othery and draw a line under them. 

II. BcgiB at the right-hand denomination, and subtract 
the lower place from the higher, and put the difference un- 
derneath. 

ni. If the lower denomination is greater than the higher, 
you must add as many to the higher place aa will make one 
of the next denomination, then subtract the lower from tha 
higher thus increased. 

IV. Proceed to the next denomination, and add I to the 
lower place, if the upper place in the last denomination was 
increased, and subtract from the higher, as before, and pro- 
ceed in this manner through the whole till it is finished, and 
the several remainders taken together will make the whole 
difitrence. 

M 2 EX- 
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EXAMPLE I. 

mat is the diference between 9Sl. 17«. 6}(L imd 48l. 12s.9i<l. ^ 

£ t. d. 

98 17 6J 

48 12 9i 



Answer 50 4 8 J 



EXPLANATION. 

Because 3 farthings, or j, in the first place, cannot be 
taken from 2, or J, four farthings being equal to one of the 
noxt denomination, I therefore add 4 to the |, which makes 
it 6; then 6 — 3=3: set down 3, and add 1 to the under 
place of the pence, viz. 9, which makes it 10 ; but at 10 
is greater than the 6 above, I add 12, or 12 ponce ; which 
is equal to one shilling in the next denomination to the six, 
which makes 18; then 18 — 10=8: set down 8, and add 1 
to the 12 in the under place of the shillings, which makes it 
13; then 17—13=4; lastly, 98—48=50: write 50 under, 
then will 501. 4s. 8|d. be the ditference. 



Kx. ir, Ex. III. 

TROY WEIGHT AV0IRDUP0I8E WEIGHT. 

lb. oz. dwt. gr. ton. cwt. qrs« lb. oz. dwt. 

From 18 10 15 8 From 56 19 3 10 15 14 

Take 11 II 7 20 Take 46 14 27 14 8 



Diff. 6 II 7 12 Diff. 10 5 2 11 1 



EX- 
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EXAMPLE. IV. 



jI Carpenter bought of a Timber Merchant, timber amount* 
ing to the value of 360L 12s. 4(1.; another quantity to the 
wdue of 2861. 148. 2d. ; at a third tone, amounting to tkt 
v^ue of S20\. 15s« 4d.: he then pays in part 4S0l. l6u 8d.; 
Jhw muck more has he get to pay? 

£ s. d, 

360 12 4 

286 14 2 

320 15 4 

968 1 10 Timber Merchant's bill. 
480 l6 8 Paid by the Carpenter. . 



Bemains 487 5 2 Due to the Timber Merchant* 



f 



EXAMPLE V. 

jI piece of brick work was found to contain 8936 cubic feet 
ef Mck worky excepting three vaultSy each containing 560 cubic 
feet: hoftf many cubic feet is there in the brick work? 

560 
560 
560 

l680 cubic feet in the vaults. 



—1680 



Answer 7256 -solid feet of brick wodc, 



COM- 
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COMPOUND MULTIPLICATION. 



DEFINITION. 

C^OMPOUND Multiplication is a rule wherebj we find 
the value of any given nnmber, consisting of diflerent deno- 
minations, or the amount, by repeating it any propoacd nauH 
bcr of times. 

PROBLEM VIL 

To find the amount of any given number, re- 
peated any proposed number of times. 

Begin at the lower denomination, and multiply it by die 
number of times that the whole is to be repeated by; divide 
the product by as many as will make one of the next deno- 
mination: write the remainder underneath, and add the 
quotient to the next highest denomination, and proceed in 
this maoner till all the denominations are muUrpliec). 

• 

EXAMPLE I. 
What iff the product of 35L 1 6s. 4jd. rrpeated 6 times? 

35 l6 4i 
X 6 



£ 214 18 3 



EXPL.iNATION, 

6x2=12, and 12-^4=3: set down nothing, and cany 
3 to the place of ponce; then 6x4+3=27, and 27-f-.12=2, 
and 3 over : set down 3, and carry 2 to the shillihgs ; then 
6x16+2=98, and 98*r.20=4, and 18 over: set down 18, 
and carry 4 to the pounds; lastly, 6x35+4=214. 

Ex. 
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Ex. 11. Ex. III. 

JTEET, IKCHES, &C. AVOIRBUPOISE WEIOKT. 

ft. in. p. '' "' ton. cwt. qr. lb. oz. 

Multiply 168 6 4 5 10 16 18 4 26 15 

By 5 X4 

Product 842 7 10 5 2 67 I6 3 23 12 



To contract the work when you have a number 

above 9 to multiply by. 

Fiod two or more digits, whose product may be equal to 
tlie given number; then multiply the given number by any 
of tiie digits, and the product by the other, &c. till you have 
multiplied by each digit, and the last product will be the 
: but if the product cannot be composed by 2 or 
small numbers, find two or more oumbers whose pro- 
dvct is the nearest to the multiplier ; then multiply by the 
paitt»)U bdbre, add to the product the given number multi- 
plied by the remainder, and the sum will be equal to the 
total prodoct; but if the parts, when multiplied together, 
exceed the multiplier, subtract the difference multiplied by 
t^e given number, and the remainder is the answer. 





EXAMPLE IV. 


nnkt win 24, rods of hrick work come to, at 7\. l6s. Sid, 


per.rodf 




;> 


£ t. d. 




7 \6 5J 




X* 


■ 


31 6 10 




X6 




Amwer £ 187 19 



III this example, instead of multiplying by 24, I first mul- 
tiply by 4» and that product by 6, becnus^ 4x6ss24. 

EX. 
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EXAMPLE V. 

n^kai will 37 iquarcs ofjlooring come tOy a/ 4U ISl. 6(L 
per square f 

£ s. d. 

4 IS 6 
X6 



29 11 
X6 



177 6 ' Price of 36 squares. 
-H 18 6 

Answer 182 4 6 Price of the whole. 



In this example, because no two of the nine digits when 
muldplicd, will make 37> but 6x6sc36y which is the neanst 
of any 2 digits, only wantii^ one of 37< therefore I multiply 
the given price by 6, and that product again by 6, and add 
the given price to the product. 

EXAMPLE VL 

IVhat will the labour of 7S squares ofjlooring come to, at 
l6s. 4}d. per square? 

£ s. d. , £ s. d. 

l6 4) Id 4} 

X« X3 



6 11 2 9 1| 

+9 ^ 

58 19 Price of 79 squares. 

+2 9 1 J Price of 3 squares. 



6\ 8 1} Price of the wholes 



COM* 
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COMPOUND DIVISION. 



DEFINITION. 

V^OMPOUND DiviBion is a rule, whereby any part of a 
giveD number, consisting of different denominations, may h% 
fooody or to find how often one number may be contained in 
another of different denominations. 



PROBLEM VIIL 

To divide a number, consisting of different de- 
nominations^ by a simple number. 

I. Divide the highest denomination by the divisor, and put 
down the quotient. 

II. Multiply the remainder, if any, by as many as will 
make one of the next denomination ; to that, add the second 
denomination, if any, and divide by the same divisor as 
before, and proceed till you have got through each succeeding 
place. 

The proof is by compound multiplication ; if you multiply 
yoor quotient by the divisor, the product will be equal to the 
dividend. 



\Qt, L K £X- 
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EXAMPLE I. 

Divide 1261. l6s. 6d. among 24 people, io tk 
have an equal share, 

£ 9. d. £ s. d, 

54)126 16 6( 5 5 8i Answer. 
120 4 



6 21 2 9 

X20 6 



120 126 16 6 Proof. 
+l6 

24)136(5 
120 

16 
X12 

192 
+6 

24)198(8 
192 

6 

X4 

24y24(l 



VVhen you have a single figure, or digit, to divide by, you 
need not set down the operation at large, but perform in 
your mind, as directed by the rule, setting each quotient 
under their respective denominations, and the several quo- 
tients together will be the answer. 



EX- 
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EXAMPLE II. 



Ifiai is the sixth part of 2361. 15s. 6d. 9 

£ s. d. 
6)236 15 6 



Answer 39 9 3 



EXAMPLE IIL 

If 8 feei tf wood cost IL 15s. 2d. what will 1 foot cost f 

£ 9. d, 
8)1 15 2 



Answer 4 4{ 

When you have a divisor consisting of the produCtH>f two 
or more digits, divide the dividend by either of them, as in 
tbe last examples, and that quotient by the other, &c, till 
you have divided all the parts, and the last quotient will be 
die answer. 

EXAMPLE IV. 

If 36 feet of wood cost 31. l6s. 8d. what will 1 foot coitt 

£ s. d. 
6)3 16 8 



6)0 13 9J 

Answer 2 l) 



ji % RE- 
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REDUCTION. 



DEFINITION. 

JlVEDUCTION is a rule which shows how to conTert nnm- 
bers from one denomination to another, still retaining tlM 
same value, and is cither ascending or descending. 



PROBLEM IX. 

To reduce a number of any kind into another, 
still retaining the same value, whether as- 
cending or descending. 

I. In ri'duction descending^ multiply the highest denomi* 
nation by as many as will make one of the next, and to the 
product add the nc.vt, if any, and proceed in the same man* 
ner from one denomination to another, until you arrive at 
that sought, obscrx'injT to add to each product, as you proceed, 
those of the same with itsi^lf. 

II. In reduction asccixling, divide the given number by 
as many as make one of the next higher denomination, and 
that quotient by as many as make one of the next, &c. till 
you arrive at the denomination required ; then the last 
quotient, with all the remainders annexed to it, will be the 
answer. 



EX- 



AEITRMBTIC. g^ 

EXAMPLE I. 

/« 14L 15t. 10d|. k(m numy ikiilmgif pence, andfarikmgtf 

£ s. d. 
U 15 10| 
20 

29^ Number of shillings. 
12 

3560 Number of pence. 
4 



Answer 14202 Number of farthings. 

EXAMPLE IL 

In 14202 fartkmgif haw many fence, shillings, and pounds? 

farthings. 
4)14202 

12) 3550 i 



2*0) 29*5 10 
Answer 14 15-lO| 

EXAMPLE in. 

3qrs. 261b. 15oz. (cmnrdupme 

pounds, and oimcesf 

cwt. qrs. lb. oz« 
18 3 26 15 
4 

75 Number of quarters* 
28 

626 
150 

2126 Number of pounds* 
16 



12771 
2126 



Answer 34031 Number of ounces. 



£X^ 
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EXAMPLE IV. 

In 3^031 ounces (casnrdupoise weigkijy hofw many pbmiiy 
quarters^ and hundred weights f 



oz. 


28) 


♦) 




16)3403 1<21 26(75 




32 


196 


^ 








18 3 


26 15 Ans^ 


20 


166 






16 


140 






43 


26 






n 








lU 








96 









\$ 



SIMPLE PROPORTION. 



DEFINITION. 

w 

▼ T HEN four numbers are compared together, if the 
first be the same part, or parts, of the second, as the third 
is of the fourth, then the four numbers are said to be pro- 
portional, and are generally expressed, as the first is to the 
second, so is the third to the fourth : thus, 2, 6, 3, 9, are 
proportional numbers, for 2 is contained in 6 thrice, and 3 
is contained in 9 thrice. 

Corolla ri^. Hence if four numbers are proportional, the 
quotient arising by dividing the second by the first, is equal 
to the quotient arbiug by dividing the fourth by the third. 

II. In 
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n. In any proportion (2, 4, 6, 12), the two outside 
tenns (2, 12) are called the extremes^ and the two middle 
ones (4, 6), are called the means. 



NOTATION. 

The signs of proportion are marked thus, {, H^ which 
being placed in the folio wing^anner, 2 { 8 !t ^ M^> signi- 
fies that the four terms, or numbers, are proportional ; that 
is, 2 is to 8y as 3 is to 12. 



PROBLEM X. 

Three numbers being given, to find a fourth 

proportional. 

I. Place the term that is of the same kind with that which 
aaks the question, first ; that* which is of the same kind with 
the term sought for, the second ; and that which asks the 
question, the third: then say, if the first term given requires 
the second, what will the third require } 

IL Multiply the second and third together, and divide 
tiie product by the first, and the quotient is the fourth' term, 
tf aatwery which must be reduced as required. 
. Note. The first and third terms must be reduced to the 
nme denomination. 

To prove proportion| multiply the quotient by the first 
toniy and the product will be equal to the dividend, or the 
two means multiplied together. 



£X* 



96 ARITHMETIC. 



EXAMPLE L 



If 15 feet of tLOod cast iL \6s.6d.wAai vM ^SfeetcoHf 



METHOD 


I. 


£ t. 


d. 


1 l6 


6 


20 




36' 




12 




ft. 


ft. 


15 : 438 :: 


25 


25 





METHOD II. 

by Compound Multiplication, &c. 

15 : 1 16 6 :: 25 

X5 



2190 
876 

12) 



9 
X5 


2 


6 


3)45 
5)15 


12 

4 


6 
2 


Answer £ 3 





10 



15)10950( 730 Answer. 

105 

2,0)6,0 10 

45 ■■ 



45 £3 10 




In IVf cthod I. the middle number being reduced to pence, 
the answer will also be in pence, and therefore it is reduced 
by reduction into pounds, shillings, and pence, as it will 
admit of them. In an example of this kind, where th« 
terms can be resul\ed into simple parts, compound multipli* 
cation, &c. is the quickest way, as i.^ shown in Method II. ; 
but when the divisor cannot be separated into simple parts, 
I would prefer the common way, as is shown by Method I. 



EX- 
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EXAMPLE IL 

If 93 pound of lead cast 58. 4|d. what wU Icwt Sqrs. 

to? 

lb. far. lb. #. d. cwt. qre. 

23 ; 258 :: 196 5 4i 13 

196 12 4 



1548 64 7 

2322 4 28 

258 — 

4) 258 56 tfk 

23)50568(2198 Farthings 14 ^ 

46 

I2)549f 1961b. 

45 

23 2,0)4,5 9 



226 £25 9i 
207 Answer 



198 
184 



14 



COMPOUND PROPORTION. 



DEFINITION. 

JIf tny e0ect perfoimed depend on two or more propor- 
tkxal causes, then it is called compound proportion. 
▼OL. I. o PROBLEM 
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PROBLEM XL 
To resolve a question in compound proportion. 

I. Say, as the product of all the given causes put for the 
first terra, is lo the given effect performed by these caoses in 
the second term, so is the product of any other causes in tiM 
third term, to the effect performed by the last causes in the 
fourth term. 

II. If the number sought be in the extremes, multiply all 
the means together for a dividend, and the extremes together 
for a divisor, and the quotient will be the answer. 

III. But if the number sought is in the means, multiply 
the extremes together for a dividend, and the means together 
for a divisor, and the quotient will be th^ answer. 

Note. It will be necessary to put some mark or letter 
where the term is wanting. 

EXAMPLE t 

If 4 iRfit, til 36 dayst can la^ 24 tquareg •fjloormg, km 

ffumtf squares will 12 men latf in 21 di^s? 

Here it is evident that the squares is the tSoctj or the work 
done. 

causes eff, causes eff, 
4X36 ; 24 ♦♦ 12X21 : x 

X12 

252 
X24 



1008 
504 



4X36=144)6048(42 squares theanswerssr. 
576 



288 
288 



In this Example, because the unknown terms fall in the 
extremes, I multiply the means together for a dividend, and 
the extremes for a divisor; then the work is performed as iu 
simple proportion. 
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EXAMPLE IL 

If 4 Mfffy in 36 dm/Sy can lay 24 squares ofjhoringi kovf 
moHjf men must be employed to complete 42 squares in 2 L days f 

causes eff. causes eff. 
4X36 : 24 :: jrX21 : 42 

X36 

252 
126 

1512 

4 

24X21=:504)604S(12 men 
504 



lOOS 
1008 



In this Example, because the unknown term is in the 
means, I therefore multiply the extremes together for a divi* 
dendy and divide by all the terms of the means multiplied 
together according to the Problem. 

EXAMPLE in. 

If lOOl. m 12 months gain 51. interest, what principal will 
gain tAe same sum in S months? 

causes eff. causes eff. 

100x12 : 5 :♦ XX8 : 5 

12 



8)1200 

£ 150 Principal* 

In this Example, because the second and fourth terms 
are the same, it will be of no use to multiply and divide by 
the same number. 

o 2 EX- 
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EXAMPLE IV. 
There wa» a certain bttUdmg ctumpUied fy 150 workmem t» 
9 monthsy but by some acddeni it took fire^ and xoas burnt 
down : hcnp many men mutt be employed to complete a krnne 
twice as good as the former^ $o that it thaU beJinUked in 18 
months } 

causes eff. causes eif. 

150x9 : 1 j: 'Xi2 : 2 

9 



1350 
2 

12)2700 



Answer . 225 Workmen =4:. 



EXAMPLE V. 



1/ the carriage of 150 feet of tcoodf that tveighs three stone 
a foot f for Wmiles^ ccmes to 31. how much will th^ carriage <f 
5^ feet of stone f that weighs 8 stone a foot, cost for 25 miles f 

causes eff. causes eff, 

150x3x40 : 3 :: 54x8x25 : x 

8 

200 
54 



10800 
3 



150X3X40= 18,000)32,400(lL l6s, Ans. 

18 



14400 
20 



18)288,000(16' 
18 

108 
108 



The 
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The reason of all operations in compound proportion, ivill 
appear in a similar manner to the following : thus, in Ex- 
ample V. the expence of the carriage will be in proportion 
to the number of feet, if the weight and distance carried 
arc the same; and if the weight vary, and the number of 
feet and distance carried be the same, then will the expence 
be as the weight: but if the number of feet and the weight 
be the same, then the expence of the carriage will be as the 
number of miles; therefore, when neither of them are con* 
stant, the expence of the carriage will be as their product. 



To contract an operation performed by com- 
pound proportion. 

State the question as directed before, find a number that 
will divide any two terms, one of which must be in the 
extremes, and the other in the means ; then scratch out the 
terms, and place their respective quotients above instead of 
them, and proceed in this manner as long as you can ; then 
multiply and divide as directed by the problem, ai)d you 
will have the answer. 

EXAMPLE I. 

If 4 mfs tJi 36 <2tiy# can lay 24 squares ofjlooringy haw 
maty tquares toUl 12 men lay in 21 days? 

36 17 

ifX^ J U Jf ^?X^/ ; 9 then6xr=*2 sqrs.theans. 

EXPLANATION. 

It is easy to observe that 4 will divide 4 in the extremes, 
imd also 24 in the means, therefore I place the quotient 

of 



iM AJLitHUtnc. 

of S4-f«4s=6 above 24, and I scimtch out the terms 4 and 
24; i also find that 12 in the means will measure itself 
once, and 56 in the extremes 3 times ; wherefore I scratch 
out the terms 1$ and 36, and put the quotient 3 above 36; 
then I find that the 3 now found in the extremes will mcap 
sure S 1 in the means 7 times, which I scratch, as before, 
then there is only 6, and 7 remaining for the terms, which 
arv both in the m«tans ; therefore I multiply the means for a 
dividend, and as there is no terms but units in the extremes 
to divide it, the product is the aoiwcr. 



VULGAR FRACTIONS. 



DF.IIXITIOXS. 



,.A 



FRACTION is soino part or parts of an unit, or 
any whole number, and consists of two parts, the one called 
a numerator, and the ollu r a denominator. 

II. The denominator shows the number of parts the unit 
is divided into, and the numerator shows what number of 
those parts are to be taken. 

Corollari/ 1. From this it is evident, if the number of parts 
expressed by the numerator, be equal to the number of parts 
in the denominator, then the fraction will be equal to an 
unit, and if the numerator is greater or less than the deno- 
minator, the value of the fracticm will also be greater or less 
than an unit. 

Corolitny 2. Hence the value of any fraction is equal 
to the quotient arising, by dividing the numerator by its 

denonii- 



AKmiMETIC* lOS- 

Uenotninator, together with the remaining parts, if any; 
therefore any vulgar fraction is properly expressed in this 
n^Aiu^^r, |, the number above the line being the numerator^ 
and the number below the denominator. 

III. When the value of a fraction is less than an unity such 
as 1^ ^, or j, it is called a proper fraction^ 

lY* When the value of a fraction is greater than an unit, 
tach 88 these, )>, V, V, Sec. then the fraction is called 
improper. 

V. If the numerator of an improper fraction be divided 
by its denominator, then the quotient, together with the 
fractional parts that is left, is called a mixed number; 
thus, y =3-f-i9 or 3 1, is a mixed number. 

VI. A compound fraction is the fraction of a fraction ; 
(bus, I of a I is a compound fraction. 



PROBLEM L 

To find the greatest commpn measure in two or 

more numbers. 

I* If there are only two numbers, divide the greater by 
the less, and the divisor by the remainder, and proceed in 
this manner till nothing remains, then will the last divisor be 
the greatest common measure of the two numbers. 

IL When there is more than two numbers, find the great- 
est common measure of any two of them, as before; also 
the greatest common measui^ of that common measure, and 
of tha other numbers, and proceed in this manner through 
all the numbers to the last, then will the last common 
measure be the greatest that will measure all the given 
numbers. 



EX- 
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EXAMPLE. 

What is the greatest common measure of 108, 132, omf 78 ? 

108)132(1 

108 Therefore 12 is the greatest com- 

■ — mon measure of 108 and 132. 

24)108(4 12)78(6 

96 72 



12)24(2 Ans. 6)12(2 

24 12 



And the greatest common measure of all the numbers is 6. 



PROBLEM IL 

To reduce a fraction to its lowest terms. 

Find the greatest common measure by the last Problem, 
and divide both terms of the fractions by it, and the quotient 
will be the terms of the fraction required. 

EXAMPLE. 

Reduce •fj to Us lowest terms. 

12)78(6 
72 
6) 

6)12(2 then fr==TT ^^^ ^^ 

12 

Another method. 

Divide the terms of the given fraction by any digit above 
1, that will divide them without a remainder, and these quo- 
tients again in the same way; and proceed in this manner as 
often as you can, and the last quotient will be the terms of 
the fraction required. 

EX- 
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EXAMPl^ 
Reduce |4( to it$ kmed /ctnhw 

3) 4) 9) 



PROBLEM III. 

To reduce a whole number to the form of a 
IractioD, which ahall have a given denomi- 
nator. 

Multiply the whole number by the given denominatori and 
imder that prodact place the said denominator. 

EXAMPLE. 

KtdMCt 7 to a fractuM who9t deiwimnaior $hM he 3. 

7X9ssS]y hence y is the fraction required* 

PROBLEM' IV. 

To reduce a fraction of different denomina- 
tions to equivalent ones, having a common 
denominator. 

Multiply each numerator into all the denominators but 
its own, for a numerator to the required fraction^ and all the 
deacminators continually, for a common denominator. 



VOL. I, p EX- 
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EXAMPLE. 

Reduce I, |^ and {, to a common denommator, 

1 X5X4=12y numemtor for |« 
2X2X4=16, ditto for f. 
3X3X2=18, ditto for j. 

2 X 3 X 4=24 common denominator. 



Therefore the fractions H^ If, and •||| are the finactioiis 
required. 

Another methods 

I. Divide by any number that will divide two or mo/fc of 
the given denominators without a remainder, and set the 
quotients together, with the undivided numbers in a line 
below them ; divide the second line as before, and proceed 
in this manner, till there is no two numbers that can be 
divided ; then multiply all the divisors and quotients together 
for the common denominator. 

IL Divide the common denominator by the denominator 
of each fraction ; then multiply the quotient by each uu* 
mcrator, and the products will be the numerators of the 
fractions required ; by this method you will have the least 
common denominator. 

EXAMPLE. 

Reduce \y f, and j, to fractions^ hacing the leatt camm&h 
denominator. 

2)2 3 4 



13 2 



2 X 1 X 3 X 2=1 2. The least common denominator. 

Then 
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Then 2)12 3)12 4)12 

6 4 3 

XI X2 X3 



6 Num. 8 Nam. 9 Num. 

Therefore the fracdons are ^, tt/^^^ A« 

PROBLEM V. 
To reduce a compound fraction to a single one. 

Multiply all the numerators together^ 'for the^ required 
numerator^ and all the denominators together for the required 
dcoominator, and the fraction so found will be the answer. 

EXAMPLE. 

Beduce iqfi of itoa single fraction. 

Answer } X J X J=^=:J. 

PROBLEM VL 

To find the value of a vulgar fraction in known 

parts of a whole number, 

I. Multiply the numerator by as many as will make one 
of the next inferior denominatioui and divide the product by 

' the denominator of the fraction. 

II. If there is any remainder, multiply it by the next 
infaior denomination, and divide by the same denominator 
at before, and proceed in this manner with each, till yon 
come to the lowest denomination, and the several quotients 
put together will show the known parts of integer, or whole 
pumbeiB. 

p 2 EX- 



f.> 
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EXAMPLE. 
Wkai it tke value of ^ of a pound sterling f 



S 
80 



13)60(4 Shillings. 

8 
12 



13)96(7 Pence. 
91 

5 

4 

13)20(1^ 
13 



Answer 4s. 7id. and -fj parts of a farthing. 

Note* If the fraction is an improper one, divide the nume* 
rater by the denominator, and the quotient will be the 
highest denomination; and proceed with the remainder as 
before. 

PROBLEM VII. 

To reduce a fraction of one denomination to 

the fraction of another. 

1. If the fraction is to be reduced from a less denomina* 
tion to a greater, multiply the denominator by all the deno- 
minations! 
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miBttionSi from the given one to that which is sought ; then 
place the numerator over the product, and it will be the 
fraction required. 

IL But if from t^ greater to a less, multiply the numerator 
Iqf all the denominations, as before, and place the given de« 
4iominator under their product, and you will have the fraiB* 
tion required* 

EXAMPLE I. 

Wkai part of a hundred xoeighi ii I of apotmdf 

3 S 

Answer J^^JTJ^^ ^^ "* hundred weight. 

EXAMPLE n. 
tFkit part of a poimd weight is jl-^ of an hundred weight f 

3X4X28 SS6 3 ^ - 

Answer ,^^ = ;^= - of a pound. 
560 500 5 

EXAMPLE in. 
What part of a penny is \ of a pound sterling f 

3X20X12 720 . 
Anfwer ss — - of a penny. 

6 5 

To add fractions together. 

L Beduce compound fractions to single ones, and mixed 
miatas to improper fractions ; then reduce each fraction to 
the Mae denomination, and a common denominator. 

n. Add all their numerators together, under the sum write 

• Ae common denominatori and the fraction so represented 

will be their sum. 

EX. 
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EXAMPLE U 

What is the mm of jondlf 

i and I reduced to a common denominator, are 'fg and -f^; 
then iV+^=H ^^^' ^^B'* 

EXAMPLE IL 

What ii the sum of \ of a pounds and ^of a skiUiMg^ w 
parts of a penny f 

.,.,," ^ . 2X20X12 

J. of a pound reduced to parts of a penny, is 

jj^4|o-.i«.o--.ioo^ and f of asbilling reduced to parts of 
a penny, is — - — =-—, then 'f^+V^H* ^« answer 
in parts of a penny. 

EXAMPLE IIL 

JVhat is the sum of ^^ of a foot, and i of an inck^ in 

parts of a foot ? 

4y reduced to an improper fraction, is y of a foot, and 

5 5 

4 of an inch, reduced to parts of a foot, is = — •. 

• 8X12 90 

Y) and -^^ reduced to a common denominator, is \^, 
and j^; then Vst'+t?— Vf P^*'^^ ^^ * ^"^^ *hc answer. 

PROBLEM VIIL 
To subtract one vulgar fraction from anothen 

Prepare tlie fractions as in addition, then subtract the 
numerators ; write the common denominator under the dif- 
ference, and you will have the difference required. 

EX- 
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EXAMI^LE I. 
IVhai is the diference between | and |? 
f and {• reduced, are 4t ^^^ i^ > ^^^^ fS^^^iV ^^ 



EXAMPLE II. 

Wkti i$ the d^eremce between ^ of a foot^ and ^ <^ an 
wdy 01 parts cf a Joat f 

3 3 
•|.of an inch reduced to parts of a foot, is =: — 

^ *^ ^ 5X12 60 

tlien i and -f^, reduced to a common denominator, is \^ 

ttd -^ ; therefore ^ — ^=|i parts of a foot is the dif- 
ference. 



Oi^ 



y PROBLEM X. 

To multiply fractions or mixed numbers to- 
gether. 

I. Reduce mixed numbers to fractions, and each fraction 
16 the same denomination. 

IL Multiply their numerators together for the numerator 
of die fraction required; and their denominators together, 
for the required denominator ; and the fraction so found will 
be the answer, 

EXAMPLE I. 

What is the product of -I, multiplied by \} 

Answer ^X|=iJ=:f 

EX- 
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EXAMPLE II. 
Wht is tie froduct (f \ of m^ incA, muU^jtSed ^ iof M 



f of an inch rednced to parts of a foot, is 



5X12 60 
then <^ X Izz-^zz-f^zz-^ the answer in parts of a foot. 

When fractions are connected together by the si^i x» 
in order to have the product in its lowest tenns, find a muD- 
bcr that will divide one or more terms out of the numeraton» 
and as many terms out of the denominalofs; theft tcittch 
out the divided lerms» and write their quotients instead of 
them : proceed in the same manner with the quotients^ and 
all the other undivided terms^ till there is no terms tiiat can 
be divided ; then proceed as before, and you will have the 
answer in its lowest terms. '^^x 



"I ^ 



EXAMPLE III. 
Multiply \y {-, and -^ continuatty together, 
1 1 1 

^ f0 3X1X1 J. 
1 



EXPLANATION. 

It is easy to observe, that 9 in the denominator of ^, will 
also measure 9 in the numerator of -^ ; therefore scratch 
out the terms 9, and 9j and put down their quotients 1 and 1 : 
instead of them again, 5, the numerator of |-, will measure 
10, the denominator of -^j therefore scratch out 5, and 10, 

and 
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kad put their quotients 1^ and 2, instead of them^ then the 
2 now foundy will also measure 2 in the numerator of y ; 
therefore scratch out 2, and 2, then there is no two terms 
that can be divided; and the remaining terms being multi- 
plied together, the product •}- is in its lowest terms. This 
ihethod will be frequently made use of in the following ex- 
amplesi where the fractions can be divided in that manner, 
as it is by far the readiest methods 



PROBLEM XI. 

To divide one fraction by another. 

Invert the divisor, and proceed as in multiplication^ 

EXAMPLE h 

Dvcide j- by \. 
Answer, |- X -y^H* 

EXAMPLE IL 

bitide \of a pound by ^ of a shilling, the quotient to be ifi 
parti qf a pound, 

8 
f of a shilling reduced to parts of a pound, is " 

zirtv^Tr PW^ ^^ * pound; then |XV=^^=V> ^« 
answer; 

EXAMPLE ill 

Dioide f of apound by\of a sMing. 

2 
4 of a shilling reduced to parts of a poiind, is ^^ 

=sV='/ff ; then f X ^=^4.** parts of a pound the answer. 

YOL, I. * Q tl-- 
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EXAMPLE IV. 

Divide f of afoot bjf \€f an inch. 

5 
f of tn inch, reiluced to ptrts of a foot, is 



7X12 
=1^: then jX*^ — *-^ the answer. 



PROBLEM XII. 

To resolve a question in simple proportion by 

vulgar fractions. 

State the question^ as directed befcne, and if any terml)e 
a whole number, reduce it to the form of a fraction, by 
writing one under it for a denominator ; then invert the lint 
term of the proportion, and multiply the three terms conti- 
nually together, and the product will be the answer, which 
may be reduced to known parts, if necessar}'. 

Note, If the first and third tenns are not of the same 
dc^iomi nation, they must be reduced to the same. 

EXAMPLE I. 

//' ^ of afoot of uood cost Is. c)(f. vhat will 5j of afoot cost? 

s. d, 

1 9 
12 

21 reduced to pence, 

7 
And ix^x-='^-^=158|r=£0 13 Sj, and J of a 

farthing the answer. 

EX. 



ARITHMETIC. 115 



EXAMPLE IL 

If a ffiofi be 2i dm/s in digging any quantity of earthy of 3 
degrees hardness^ what time wiU he he in digging the same quan* 
tity of the foundation for a building of 7 degrees hardness ? 

Here it is evident, that the hardness will be as the time, 
when the quantity dyg is the same ; for if double the hard-* 
ncss, it will take double the time, and treble the hardness, 
treble the time, &c. 

Then f- J 2} J J i J an<^ tXtXt=¥=5t days the ans. 



EXAMPLE III. 

If a labourer can dig 5f solid yardsj of 3 degrees hardness, 
in a cerioin time^ how many solid yards of earth will he dig of a 
ditch^ that is 5 degrees hardness, in the same time f 

Here it is cvidenti that the quantity dug, will be inversely 
as the degrees of hardness, when the time is the same ; for 
in equal terms, if double the hardness, only half the quan- 
tity will be dug ; and treble the hardness, \ will be dug, &e. 



ir 17 1 17 
Then f J 5|. j: -J J and -x— X-=— =3f yards the 

1355 
answer. 



In this Example, I invert the tcrois of hardness ) that is, 
instead of 3 or -f- degrees of hardness, 1 write | ; and instead 
of |., I write {-. As these terms are not direct, the same is 
to be understood in any of tlic following Examples, where 
any inverse terras occur. 

Q 2 PROBLEM 
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PROBI.EM XIII. 

To resolve a question in compound proportion, 

by vulgar fractions. 

State the question, as directed before ; if any term is a 
whole number, reduce it to the fonn of a fraction, as in 
simple proportion; then invert all the terms of your divisQis, 
and multiply them and all the other terms continually to? 
gether, and the product will be the answer. * 

Notf, That all similar terms must be reduced to the same 
denomination. 

EXAMPLE I. 

It teas observed^ that Q bricklayerSy in 14J- dl^, huUi a 
•xaU to the height of 4) fcety haw many brickkyen mmi he 
employed to complete the remainder, v^hick is Jfiet, m 6\ d&ysf 

causes eff. causes cff. 

5 

ip0 2 3 ;5f 

tX-tX-X — X-=30 bricklayers the answer. 

EXAMPLE IL 

If 12 inches long, and 12 inches broad^ tcill make a square 
footy how much in length, that is 9| widcy wUl make a square 
foot} 

causes eff. causes eff. 

Vxv : i :: 9|xx : f 

4 

^i 12 1 4 
— X — X-x — x4-=W = HIt inches the answer, 

13 EX- 
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EXAMPLE III. 



Tf 12 inches longj and 12 inches broody and 12 inches deep, 
WHtke a solid fof>i, hem many solid feet wUl 32| longy l6j 
imckes broody and 10| deep make ? 

causes aSL causes eff. 



yxVxV t T X\ 32|Xl6iXlO{ : X. 

iVxiVxAxfxVxVxV=WA¥=3iHH solid 

feet the answer. 

EXAMPLE IV. 

Tf 248 men^ in S\ days^ of II hours each, can dig a trench^ 
7 degrees hardness^ 232} yards long, 3|- wide, and 2| deep^ 
haw mamf daysy of 9 hours long, voill 24 men be in digging 
a trench of 4 degrees Hardness, 337i yards long, 5|> xcide^ 
andSi deep? 

In this question^ the quantity dug will be as the number of 
pieUy days, and hours, and inversely as the degrees of hardness* 

causes effect causes effect 



•V'^i'V 7 J 232J-34-2I :: V'Jrf i ♦ 337i-5|'3i 

3 

zf Hi 

fi , H 4 

?£?. 1*. ^ Lv -^ L iv L Li >,!?!/ !L i 

m ^ 

Then l\y.Sy,^=l32 the answer. 

Vote. That the dots placed between the terms in this 
pKampIe, signifies the same as x- 

PECIMAL 
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DECIMAL FRACTIONS. 



DEFINITIOK. 

X^CCIMAL Fractions arc such as have an unit, with 
any number of ciphers joined to it for their denominator^ 
thus, -^^ j^, and ji^, arc decimal fractions: here the 
integer is always supposed to be divided into 10, 100, 
1000, &c. equal parts ; or this, which amounts to the same 
thing, it is divided into 10 equal parts, and each of these 
again into 10, &c. 



NOTATION. 



As whole numbers increase from unity in a tenfold propor- 
tion to the left hand, or this, which is the same thing, they 
decrease from the left hand to unity in a tenfold proportion ; 
so decimals also decrease in a tenfold proportion from unity 
towards the left hand; therefore, in order to distinguish 
decimals from whole numbers, a point is always prefixed to 
the decimals, which also shows the first place of decimals 
from unity, which observe in the following table: 



M'hole 
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Whole nnmbns. Decima1t> 

3455*934 7834£ 



1^11 
■» i I » i ^ 

S 1 1 s J 1 a I 



■ s.|- 

. j= s 

o S I I 

.fig's 

if 12 I 

■si i al 
iS- X iS s: = 



PROBLEM I. 



To add decimals or mixed numbers together. 



Set down each numUir in its respective place, tinder those 
%tuTS of the same name with itself, and add them together, 
m additioa. 



738549 


734-965 


•003872 


■00854 


■498547 


49-372 


•035024 


530-4265 



Sou 1-275992 
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PROBLEM 11. 

To subtract one decimal from another, or naiied 

numbers* 

Place the nambers as in addition^ and peiform the opeia*^ 
tioDy as in subtraction of integers. 

Ex. L Ex. IL 

From 7854 From 48*73465 

Take -49357 Take 0538 



.Rem -29483 Rem. 43*68085 



PROBLEM in. 

To multiply decimals, or whole numbers and 

decimals. 

I. Proceed as in whole numbers, then cut oflf as m&ny 
places from the right hand of the product, as there Bit 
places in the multiplier and multiplicand taken together; 
then the number of places cut otif, will show the decimal 
places of the product* 

II. If the number of figures in the product, be less than 
the places in the multiplier and multiplicand taken together, 
you must add as many ciphers to the left hand of the pro- 
duct, to make them out. 

EX- 
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ISl 



Ex. I. 

Multiply -9087 
By -852 

18174 
45435 
72696 



Ex. II. 

Multiply -25483 
By -246 

152898 
101932 
50966 



Product -7742124 Product '06268818 



Ex. III. 

Multiply -003479 
By 5-08 1 

3479 
27832 

17395 



Ex. IV. 

Multiply 231-7 
By 2-016 



13902 
2317 
4634 



Product *Oi7676799 Product 467*1072 



How to contract the work in large decimals. 



I. Write the units place of the multiplier under that place 
<if dednudfl in the multiplicand^ whose place yott would 
RMTve in the product : write the other figures in the multi- 
plier in a contrary order. 

IL Begin with the first figure of the multiplier towards 
dia left hand, and multiply it by the next figure towai'ds 
the right of it in the multiplicand^ if any ; and if this pro- 
duct if 5| or above 5, in the number of tens in the product, 
you must carry 1 more than there is tens in the last product 
to the next product : then set down the overplus above the 
tens for the first figure, and carry the tens to the next place, 

VOL. I. K and 
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and proceed through the line, as in common multipli- 
cation. 

III. Proceed with every other line in the same manner, 
but obseiTc to place the first figure of every line directly 
under the first place of the last line, and the product so 
found will be the answer. 



EXAMPLE L 

JFhat is the product of '90S7y multiplied bu '852, ad to 
retain four plates of decimals f 

contracted common way 

•9087 '9087 

258*0 multiplier inverted '852 



7270=908X8+6 18 

454=90X 5-1-4 454 

18=9X2+0 7269 



174 

35 

6 



Product 7742 77421 124 



EXVLA^t^ATlON. 

I. The multiplier being placed as directed, begin with the 
first figure of the multiplier, viz. 8, then 7 is the next figure 
in the multiplicand on the right hand of it; then I mul- 
tiply 8 by 7, which is ^&^ and 6 being more than 5 above 
5 tens, therefore I carry 6: again, 8x^=^4, and 6 carried 
makes 70 ; I set down nothing for the first figure, and carry 
7 to the next, and proceed through the line, and find its pro- 
duct to be 7270. 

II. I begin with the next figure 5 in the same manner, 
aud multiply it by 8, which is the next figure in the 

» muiti- 



• 
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multiplicand on the right of it, and the pro4,i;<jt> is .40 ; hut 
at 40 is not 5 ahove 4 tens, I only carry 4^ and, say, 5 times. 
is Oy and 4 carried is 4, ^lyhich is (h^. first, j^ure of the 
second, then proceed, as in the first line, with, each pro- 

duct, and the sum, viz« *7742* i$ the product true to the 

. . . ■ ■ ' 

last figure. 

EXAMPLE II. 

JFkai is the product of 2*38645, muitipHtd by 8'2175, so 
as to have two places of dectjnals in the product f 

or this 



2-38645 




8-2175 


5712-8 




683-2 


1909 


lf>43 


48 




246 


2 




66 


1 




5 


Answer 19-60 


Answer 


19-60 



It is obvious from this Example, that it would be of no 
use to write more than one figure in the multiplier on the left 
of the multiplicand, as those figures towards the left hand 
in the multiplieri are made no use of. 



PROBLEM IV. 

To divide a decimal, or mixed number, by a 
decimal, or mixed number. 

I. Divide, as in whole numbers, and cut off as many 
places from the right hand of the quotient, for decimals, as 
the decimal, places in the dividend exceed those of the 
divisor. 

a 2 But 



124 
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XL Bot if the pUces of the quotient are not so many as 
the exceM of the decimal places of the dividend above those 
of the divisor^ you must supply that defect by prefixing' 
dphers on the left hand of it. 

III. And if there is a remainder, annex ciphers to it, an^ 
by this means you may carry the quotient as far as is re^ 
quisitc. 



Ex. I. 



£x. II. 



Dhide 43*95 by 5 
5)43-95 


Divide 4*9^6 by & 
•6)4-9536 


Answer 879 


Answer 8'256 

a 


Ex. IIIv 


Ex. IV. 


Divide 53-87 hy 3*5 
5X7=35 
5)53-870 


Divide '3862409 hy 21 

3x7=2i 

3)3862409000 


7)10-774000 


7)1287469666+ 


15 -391424. 

Ans. 


•0183924239+ 

Ans. 


Ex. V. 


Ex. VI. 


Divide 4*368 hy '007 S 
•007 8)4-368(56 
390 


Divide -04575 by 27 
27-)'04573(OOl69(3 
27 


468 
468 


187 
162 




253 




-243 




100 




81 



19 &c. 



T<^ 
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To contract division into large decimals. 



L Write down the divisor and quotient, also find the first 
product, and subtract it as usual : then the first figure of th« 
quotient must always possess the same place in the quotient 
as that figure in 4he dividend under which units place in the 
product stands ; that js, if units place in the product stand 
under integers in the dividend, you will have as many places 
o£ integers in the quotient, as there are places from the units 
place in the dividend to that place above which units place 
of the product stands. 

II. If the units place of the product stand under deci- 
mals in the dividend, your first quotient figure will be the 
same place of decimals in the quotient, as the units place in 
the product stands from the first place of decimals in the 
dividend ; consequently, you must prefix ciphers to make it 
oat to that place. 

III. Cut off as mauy places from the left of your divisor 
as will be equal to the number of places that you intend 
your quotient figures to consist of, for a divisor ; then cut off 
as many places from the right of the remainder, as the re- 
maining figures cut off or thrown out of the divisor; then 
ttatt part of the remainder, to the left hand, you must esteem 
a dividend. 

• 

IV. In multiplying by your next quotient figure, you 
must omit one place in your divisor to the right hand, but 
observe to carry what would arise by multiplying the quo- 
tient figure, by the figure omitted in your divisor, as in con- 
tracted multiplication of decimals. 

V. Pro- 
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y. Proceed in this manner througji the whole, esteeming 
every succeeding remainder a dividend, and for every re- 
mainder omit a figure to the kft hand of the divisor, bat add 
the carriage that would arise from the figure omitted, to the 
first figure of each product, as before, and you will have 
your desire. 



EXAMPLE I. 

Divide 36-96630854321 by VS685, and retain three placa 
of decimak in the qwUient. 



4-368l5)36-o66 
34*9*8 



30855321(8*462 




201 8|3 
1747=436x4+3 

271 

262=43x6+4 



9 
9=4X2+1 





Proof 36966 by addition. 

In this Example, the units place of the first product falls 
under the first place of integers in the dividend; conse- 
quently, there is only one place of integers in the quotient ; 
then, in order to have three places of decimals in your quo- 
tient, you must take four places from the left of your divisor, 
and there is one place remains : also cut off or throw away 
one place of the remainder, and 2018 will be esteemed a 
dividend ; then proceed as directed. 



EX- 
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EXAMPLE II. 

IXinde 57V34782 6y 6134775, and retaim two phca of 
ittmuh im the quotient. 

•6l347l75)574-347|36(936-2l 
5-52 129175 

22217161 
18404 



3813 
3680 

133 
123 



10 
6 



In this Example, the units place in the product falh un- 
der the third place of integers in the dividend, therefore you 
will have three places of integers in the quotient; conse- 
quently you must cut off five places from the divisor, in 
order to have two places of decimals. 

EXAMPLE IIL 

PiPttfe 75*434748 by 6 1 377*5, and preserce four places in 
the quotient f besides the prefixed ciphers. 



6l37|7-5)75-43 
6l 37 



4748(001229 
7-5 



14 0517 2 
12 27 

178 
123 

65 
55 





In 



isa 
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In the last Example, because the units, place in the pro- 
duct stands under the third place of decimals^ therefore I 
prefix two ciphers, which makes the first quotient figure out 
to three places of decimals, and proceed as in the former 
Example. 



PROBLEM V. 



To reduce a vulgar fraction to a decimal 

fraction. 



Add ciphers at pleasure to the numerator of decimal 
places, and divide by the denominator as fiur as it is necn- 
sary, as in division of decimals. 



Ex. I. 



Ex. II. 



What is the decimal of if What w the decimal of J? 



2)ro 

Ans. '5 



4)roo 

Ans. -25 



Ex. III. 



Ex. IV. 



JVhat is the decimal of i ? What is the decimal of | ? 



4)3-00 
Ans. '75 



8)5 000 
Ans. '625 



Ex. 
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£x. V. Ex. VI. 

Wiatit tke dnimti rf ^ JVhatiitkedeeimafif-^f 

3)2-0000 54ss6x9 



rtaa 



Ans. *6666 &c. 6)3*00 



9) -500 
Ads. *055 &c. 



hMi* 



Ex. Vll. Ex. VHI. 

Wkai tf fAe decimal of V f JFAii/ v the decimal of ^1 
3)22000 31=3x7 

Am. 7333 &c. 3)79-00000 

7)26-33333 &c. 



Ans. 376190+ 



PROBLEM VI. 

To reduce the known parts of any integer to a 

decimal fraction. 

I. Begin at the lowest denomination, and divide it by as 
many as will make one of the next superior denomination, 
and add to the quotient the next superior denomination, if 
•iijr, of ^e given integer. 

n. Proceed in this manner to the highest place^ observing 
to point out the decimal parts at each operation, and you 
will have the answer. 

VOL. I. s EX- 
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EXAMPLE I. - 

JUdvee 15s. 9jd. to the decimal cf a ikUSng. ' - • 

4)300 
12)975 _ ' 



Ans. 15-8125 



EXAMPLE IL 

Reduce 14s. 6d. to the decimal of a pound. 

l!2)6-0 
2,0)14-5,0 



Ans. '7*25 



EXAMPLE IIL ' 
Kcduce 2ft. 3]n. to the detjimal of a foot. 
12)3-00 



Ans. 2*25 



PROBLEM VIL 



To reduce a decimal to the known parts of an 

integer. 



I. Multiply the decimal by the next inferior denomination, 
a:u1 cut off tho decimal parts. 

II. Multiply the decimal parts by the next inferior dcno- 
riiirintion, cut off the decimals as before, proceed in this 
.iiauiior to tlic lowest denomination, and the parts on the 
4< !'t hard of the decimals will be the answer. 
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EXAMPLE I. 



What is the known parts of' '7 25 of a ptnind sterling? 

7-25 
20 



14-500 
12 



. 60 
Ans. 14s. 6d. 



EXAMPLE ll. 



What tsihevakicqf 2-^5 of afotft? ■ 



i « 



2-25 . . 

. 12 

^00 
Ans. 2ft. 3iii. 

1 shall here end decimal arithmetic, and show its appli- 
cation more particularly tq ^ncnsuration ;. as my design in 
thb book b not to write a book of arithmetic, but only to 
explain the most useful rules, that the artist may have every 
pofuble adnmtag^ in its application, as it may sometimes 
&U io his way. 



t 2 DUO- 
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DUODECIMALS, 



DEFrNmON-. 

JLIuODECIMALS are so called, because they decieaio 
continually by twelvesi from the pla^e of feet towards the 
right hand. 

JfOTATJOJf. 

Feet are mailced thvsy f.; iiiclies, ako called firsts, thus, i} 
seconds, thus, ii ; thirds, thus, iii ; fourths, thus, iv ; and 
filths, thus, v; &c. 

• • • • 

111 I 

Thus, 4 signifies 4 thirds^ 3 signifies 3 inches, or 3 

ii f. 

firsts ; 5 signifies 5 seconds; and 12 Mgnifies 12 feet. 



PROBLEM VIIT, 
To multiply duodecimals togetberi^ 

I. Write the multiplier under the multiplicand. 

II. Multiply the first denomination in the multiplier on 
the right hand, by every denomination in the multiplicand. 
observing to carry one for every 12, out of each respective 
product, to the next superior placa 

III. Put 
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UI. Put the irst place of each respective product directly 
laader that place of the ffiiiltipUer by which you multiply 
itithi as in common multiplication! and cfich coluum being 
iMided together, will give tbe product. 

)y. Add the characters denoting the two last places in 
the multiplier and multiplicand together, and that will be 
the character denoting the Ijnt plaioe of the product from the 
pla^ of feet. 

EXAMPLE I. 
MuU^fy 6(. ^ hy Sf. 61. 

f. i 
6 9 
3 6 



3 4 6 

20 3 

•■"^■"^"■""^ 

.Ans. 23 7 6 
f. 1 u 

la this Example there is only one place of duodecimals ia 
each (actor, therefore there is two places of duodecimals ia 
the product ; that is, firsts or i added to firsts or i, gives ii 
or seconds for the first character towards the right hand of 
Ae product. 



EXAMPLE 


II. 


ftiUiply ( 


Sf. 5i 4ii 


i by * 




f. 


• 

1 


• • 

11 




6 


5 


4 






3 


6i 


3 


2 


S 





19 


4 







AU.S2 


6 


% 





f. 


• 

1 


• • 

u 


• •• 
m 



la 
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In the last Example, the two last places of the factoid are 
marked tbus, ii and i^ which added together, is iii, and 
iignlfios there is three places of duodecimals in the product, 
from the first place of feet ; therefore the first place on the 
right hand is thirds. 

EXAMPLE' UL 

Multiply 15f. 6\ 3ii by 12f. 8i 9ii. 

i 

f> • •• 

. 1 11 

15 6 3 
112 8 $ii 



11 


7 8 3 


JO 4 


2 


186 3 






Ans. 197 6 9 8 3 

f« • • • • • . » 
1 11 iu IV 

In this Example, the t\^o last places of the factors are 
marked thus, ii and ii ; these added together, will show that 
there is four places of duodecimals in th(; product, thorcibre 
the fixst place from the right hand is fourths. 



EXAMPLE IV. 

Multiply 5f. 4i aii 5iii hy 4-f. Si 3ii. 

f. i ii iii 
4 3 5 

4 S :5ii 





1 


4 





10 


3 


3 


b" 


10 


3 


4 




CI 


J 


I 


8 







Ans. 25 1 4 2 - .) 

f* • • • • • • 

I H 111 IV V 



EX- 
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EXAMPLE V. 



lyAat is th€ product of 4i 3ii Oiii Oiv 5v by 4ii Siii 5iv ? 



» • • • I 



1 U 111 IV V 

4 3 5 

4 3 5iv 

19 3 2 1 
10 9 13 
15 18 

Ans. 0016264951 

1 11 111 IV V VI vu vm ix 



EXAMPLE VL 

What is the product of 4f. 3i 2ii Siii 9iv 5v 3vi by 3i Oii 
5iii Oiv Ov 6vi 2vii ? 



I. 1 11 111 IV v n 
4 3 2 8 9 5 3 
3 5 6 2vii 



8 6 5 5 6 10 6xiii 

2 17 4 4 8 7 6 

1 9 ^ 1 7 11 2 3 

109^2439 

Ans. 10 11 568201 1224 6 

> 1 11 III IV Y VI vii vm IX X XI xu xin 



When there is a great number of feet in the multiplier^ the 
best way is by the rule of practice, as follows : 



Mul. 
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% 

Bluldply the feet together, as in common multipUaUioD > 
mnd for the odd inches, &c. take the aliquot parts. 

Thus, for li take -^ of 2l foot, or Hi take ^ of li, &c. 

for 2 — i 

for 3 ~ I 

for 4 — I 

for 5 — I and ^ 

for 6 — J 

for 7 — i and -j^ 

for 8 — J and J 

for 9 — J and | 

for 10 — 1 and ^ 

for 11 — ^ and | • ' 



EXAMPLE L 



Muldpfy 240f. lOi 8ii by QL 4i 6il 







f. 


• 

I 


• • 

11 








2+0 


10 


8 








9 


4- 


6 






2168 










4 = i 


- - 


SO 


3 


6 


8 


6 = ^ 


Ans. 


10 





5 


4 




2258 


4 









If the feet in both the multiplicand and multiplier be 
large numbers, 

Multiply the feet only into each other: then, for the 
inches and seconds in the multiplier, take parts of the mul- 
tiplicand ; and for the inches and seconds of the multipli* 
cand, take aliquot parts of the feet only in the multiplier; 
and the sum of all will be the product. 

EX. 
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EXAMPLE II. 



Muli^y 36S{. 7i., 5ii by 137f. 8i 411* 









f. 


• 

1 


• • 

u 










368 
137 


7 
8 


5 

4ii 






2576 




» 










1104. 




. 










36.8. , 




1 




6i = i 


- 


- 


184 


3 


8 6 




3i-f 


« 


• 


61 


5 


2 10 




4iis 4. 
6i = 1 


- 


• 


10 


2 


10 5 


8 


- 


- 


6S 


6 


• • 


• 


li = f 


- 


- 


11 


5 


• • 


• 


4i=i 


- 


- 


:d 


9 


$ . 


• 


lii= i 


- 


- 




11 


5 . 


• 



Ans. 5.0756 7 10 9 8 



INVOLUTION, 



oa,. t 



f 



RAISING OF POWERS. 



ii 



DEFTNITION. 

J[jL power is a number produced by multiplying any 
^tea number continually by itself a certain numl>er of 
times. 

Any number is called the first power of itself; if it be 
multiplied by itself, the product is called the seeond power, 

TQL. i» T and 



13S 
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and (ometfmn the iquare; if thii be maldplied b; the first 
power again, ihe product is calW tfae third power, vkI 
(ometimei the cube; end if tbi> be multiplied b; the fint 
power again, the ptodQCt ia AdM the foBith power, and to 
on I that it, the power it denominated from the number 
which exceedt the multiplicatiouk by 1. 

Thus: 3 is the Snt power of 3. 

3x3^ 9 it the second power of 3« 

3x3x3^27 is the third power of 3. 

3 X 3 X 3 X 3 = 81 ft the fourth power of 3. 

A TABLE 

9r TBI . 

FIRST FOUR POWERS OF NUMBERS. 



1st pOVflT 


1 


! 


3; 4 


S 


6 


7 


8 


9 


2d power 


( 


■I 


27 64 




3S 
216 


49 

345 


64 


81 

729 


3tl power 


1 


8 


4lh power 


. 


16 


81 236 


S2S 


IS96 


540J 


4096 


6s6l 



KOTATJON. 

The number which r\cccd» the multiplications by I, is 
called the index, or exponent of the power ; so the index 
of the first power is I, that of the second power is 2, that of 
the third is 3, and so on. 

Powers are commonly di'notcd by writing their indices 
above the first power: so the second power of three is de- 
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noted thus, 3* ; the third power thus, 3' ; the fourth power 
thosi 3^; and to on: also the sixth power of 503 thus, 
503*. 

lavolntion is the finding of powers; to do which^ from 
Iheir definition there evidently comes this 



PROBLEM IX. 

To raise a given number to any given power 

required. 

t. Midtiply the given number> or first power, continually 
by itadf, till the number of multiplications be 1 less than 
the index of the power to be found, and the last product will 
be the power required. 

II. But because fractions are multiplied by taking the pro- 
ducts of their numerators and of their denominators, they 
will be involved by raising each of their terms to the power 
required : and if a mixed number be proposed, either reduce 
it to an improper fraction, or reduce the vulgar fraction to a 
decimal, and proceed by the rule. 



Ex. I. 



Ex. II. 



tnai i$ ike square rf 45? What is the square of 027 ? 



45 1st power. 
45 



225 
180 



2025 = 45 



— A/;> 



•027 
•027 

189 
54 



•000729 = -027 



-P- •no7t 



T 2 



EX^ 
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Ex. III. Ex. IV. 

IF&ai i$ tie cube of 3' 6} What is the fourth power of S'lf 

3-5 5-1 

3-5 5'1 



175 51 

105 255 



12-25 260-1 s= 5-1* 

3-5 26-01 ditto. 



6125 2601 

3675 15606 



42-875 ac 3*5' 



5202 



676-5201 = 51 



EXAMPLE V. 
The square of f is §• x f = 7* 

EXAMPLE VI. 
The cube of I is I X * X| = HI- 

EXAMPLE VIL 
1 he square of 3^ or V i*^ V X V = W = 1 1 i|= 1 P56. 



EVO 
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EVOLUTION, 



OR 



EXTRACTION OF ROOTS. 



DEFINITION. 

J. HE root of any given ntunber, or power, is such a num- 
ber, as being multiplied by itself a certain number of times, 
will produce the power ; and it is denominated the first, se- 
cond, third, fourth, &c. root respectively, as the number of 
multiplications made of it to produce the given power is 
0, 1, 2, 3, &c. that is, the name of the root is taken from 
the number which exceeds the multiplications by 1, like the 
name of the power in involution. 



NOTATION. 

Roots are sometimes denoted by writing ^ before the 
power, with the index of the root against it : so the third 

3 

root of 50 is ^ 50, and the second root of it is ^ 50, 
the index 2 being omitted ; which index is always under- 
stood when a root is named or written without one. But 
if the power be expressed by several numbers with the 
sign J^ or — , &c. between them, then a line is drown 
from the top of the sign of the root or radical sign, over 

all 
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all the parts of it ; lo the third root of 47 — 15 if 



^47 — 15. And sometimes roots are designed like powen^ 

with the reciprocal of the index of the root above the g^Ten 

r t 

number. So the root of 3 is 3*^; the root of 50 is 50^, and 

t 

the thiiYl root of it is 50''' ; also the third root of 47 — 15 is 



47 — 15^. And this method of notation is justly preserved 
in the modem algebra; because such roots, being considered 
as fractional powers, neejd no other directions for any opera* 
tions to be made with them, than those of integral powers. 

A number is called a complete power of any kind, when 
its root of the same kind can be accurately extracted; but 
if not, the number is called an imperfect power, and its root 
a surd or irrational quantity. So 4 is a complete power of 
the second kind, its root being 9 s but an imperfect power of 
the third kind, its third root being a surd quantity, which 
cannot be accurately extracted. 

Evolution is the finding of the roots of numberS| either 
accuratclyi or in decimals to any proposed degree of ac* 
curacy. 

The power is first to be prepared for extraction, or evolu* 
tion, by dividing it, by means of points or commas, from the 
place of units to the left hand in integers, and to the right in 
decimal fractions, in periods, containing each as many places 
of figures as arc denoted by the index of the root, if the 
power contain a complete number of such periods ; that is, 
each period to have two figures for the square root, three for 
the cube root, four for' the fourth root, and so on. And 
when the last period in decimals is not complete, ciphers arc 
added to complete it. 

Note. The root will contain just as many places of figures, 
as there are periods or points in the given power ; and they 

will 
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wiQ be integers, or decimals respectively, as the periods are 
•0 ftom which they are ftmnd, or to which they correspond ; 
that is, there will be as many integers or dermal figures in 
the rooty as there are periods of integers or decimals in the 
g^ven aumhcr. 



PROBLEM X, 



To extract the square root* 



I. Having divided the given number into periods of two 
figures each, find, from the table of powers in page 138, or 
odierwise, a square number, cither equal to, or the next less 
than the first period, which subtract from it, and place the 
root of the square on the right of the given number, after the 
manner of a quotient in division, for the first figure of the 
root required. 

II. To the remainder annex the second period for a divi- 
dend ; and on the left thereof write the double of the root 
already found, after the manner of a divisor. 

liL Fiml how often the divisor is contained in the divi- 
llcri^ ir^^tkg its last figure on the right hand ; place that 
aumber for the aext figure in the quotient, and on the right 
nf Ibt ^Tisor, as also below the same. 

IV. Multiply the whole increased divisor by it, placing 
the product below the dividend, which subtract from it, and 
to the ^remainder bring down the next period, for a new 
4tvUhBiid ; to which, as before, find a divisor by doubling 
th^ figures already found in the root ; and from these find 

the 
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the next figure of the rbot, as in the last article;- and. oooti» 
nue the operation still in the same manner till all the periods 
be used, or as far as you please. 

Note. Instead of doubling the root, to find the new di* 
visors, you may add the last divisor to the figure below it. 

To prove the work, multiply the root by itself, and to the 
product add the remainder, and the sum will be the ^ven 
number. 



EXAMPLE L 



JFkai lithe root of 17*30,56 f 

17*30,56(4*16 
l6 



SI 130 
1 1 81 



826 
6 



4956 
4956 



EXPLANATION. 

Having divided the given number into three periods, 
namely, 17> and 30, and 56, 1 lind that 16 is the next square 
to 17, the first period, %vhich set below, and subtracting, 1 
remains, to which bring down 30, the next period,, makes 
130 for a dividend: then 4, the root of 16, is set on the right 
hand of the given number for the first figure of the root, and 
its double, or 8, on the left of the dividend for the first figure 
of the divisor; which being once contained in 13, the divi* 
dend wanting its last figure, gives 1 for the ' next : figure of 
the root, which 1 is accordingly set in the root, nmking 4*1^ 

and 



AHITHMETIC; 145 

ff 

and in the divisor inaking 81, as also below the same* 
These multiplied make also 81, set below the dividend^ and 
subtractingp we have 49 remaining, to which the last period 
56 being brought down, we have 4956 for the new dividend* 
Then, for a new divisor, either double the root 4*1, or else, 
which is easier, to the last divisor add the figure 1 standing 
below it, and either way gives 82 for the first part of the 
new divisor. This 82 is 6 times contained in 495, and 
therefore 6 is the next figure to set in the root and in the 
divisor, as also belOw the same; which being then multi- 
plied by it, ^ves 4956, the same as the dividend; there- 
fore nothing remains, and 4*1 6 is the root of 17*3056, as 
required. 



£x. II. £x. III. 

Wkd iiiHrootof 2025 1 What is tke root of '000729 ^ 

20,25(45 root •00,07,29(027 root 
16 4 



85 
6 



425 47 I 329 

425 7 329 



JL-^ 



Ifote. \Vhen all the periods of the given number are 
brought down and used, and more periods are required to 
be found, the operation may be continued by adding as many 
periods of ciphers as we please, namely, bringing always two 
ciphers at once to each dividend. And when the root is to 
be extracted to a great number of places^ the work may be 
much abbreviated : thus, having proceeded in the extraction 
after the common method, till you have found one more 
tkin. half the required number of figures in the root, the 
RSt am}* . be found by dividing the last remainder by its 

roL. I. u cor- 
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corresponding divisor, annexing a dpber to every dindual, 
AS in division of decimals; or rather, without annexing 
ciphers, by Omitting continually the right hand figure of the 
divisori after the manner of contracted division of decimals. 

So the operation for the root 2, to 12 or Id places, may 
be thus. 



EXAMPLE IV. 



2)1-414213562373 root 
1 



24 100 
4 9^ 



281 
1 



400 
281 



2824 I 11900 
4 1 11296 



28282 
2 



60400 
56564 



282841 
1 



383600 
282841 



2828423 
3 



10075900 
8485269 



2828426) 
•••••• 



1590631(562373 

176481 

6712 

1055 

206 

S 



Hcre» having found the first seven figures 1*414213 by the 
*"oininoa extraction, by adding always periods of ciphers, 

the 
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Aa last six figures 562373 are found by the method of con- 
tfacted diTision in decimals, without adding ciphers to the 
fcmainder, but only pointing oif a figure at each time from 
the last divisor. 

The use of the square root will be shown in Mensuration, 
where it will be more particularly wanted. 



PROBLEM XL 

To extract the cube root 

I. Point the given number into periods of three .places 
each, beginning at units ; and there will be as many integral 
places in the root, as there arc points over the integers in the 
given number* 

II. Seek the greatest cube . in the left hand period; write 
the root in the qiiotienty and the cube under the first period ; 
from which subtract it, and to the remainder bring down 
the next period : call this the rcsolvcnd^ under which draw 
a line. 

III. Under the resolvend, write the triple square of the 
root, so that units in the latter stand under the place of 
hundreds in the former ; under the triple square of the root, 
write the triple root, removed one place to the right ; and 
the sum of these two linc^ call a divisor^ under which draw 
a line. 

IV. Seek how often this divisor may be had in the resol- 
vend, its right hand place exceptedi and write the result in 
the quotient. 

v. Under the divisor, write the product of the triple square 
of the foot by the last quotient figure, setting the units plsure 
of this line under that of tens in the divisor; under this 
line, write the product of the triple root by the square of the 
last quotient figure ; let this line be removed one place be« 

V 2 yond 
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yond the right of the fonner ; and 'under thit line, removei 
one place fprward to the right, set the cuhe of the last quor 
tient figure* The sum of theM three linos call thesubtrar 
hend, under which draw a line. 

VI. Subtract the subtrahend from tlie rcsolvend ; to the 
remainder bring down the next period for a new resolvends 
the divisor to this, must be the triple square of all the quo* 
tient added to the triple thef^of, as in the third article, &c. 

EXAMPLE I. 
irhai is the cube root of 482285H? 



• • • 



48228544(364 
27 



21228 Resolvcnd 



279 Divisor 

C \G2 Triple square of 3 multiplied by 6 

add < 3J4 Triple of 3 multiplied by square of 6 

I ^2\6 Cube of 6 



J5)65() Subtrahend 



1 57 '25'^^ Resolvend 



J , S 3888 Triple square of 36 7 ,, ^ 

add < _^o T 1 . o/* Mhe root. 

I lOS Iriple oi 3o y 

38988 Disisor 

f 155.5V! Triple square of 36 multiplied by 4 
rt(lU < 17*28 Triple of 36 multiplied by squaiQ of 4 
I 6'4 Cubrof 4 

J 572544 Subtrahend 



If 
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If the work of this Example be well considered^ and com- 
pared with the foreginng rule, it will be easy to conceive how 
any other example of the like nature may be wrought. And 
here observe, that when the cube root is extracted to more 
than two places, there is a necessity of doing some work on 
a Sparc piece of paper, in order to come at the root s triple 
square, and the product of the triple root, by the square of 
the quotient figure, 6cc, 

In this Example, the given number is a cube number, and 
therefore at the end of the operation there remained nothing ; 
for 36^ multiplied by 364, and the product multiplied by 
364 again, gives 48228544, the given number. 

But if the number given be not a cube number, then to 
the last remainder always bring down three ciphers, and work 
anew for a decimal fraction, if needful. 



MORE EXAMPLES, 
Wkdi is the cube root of 



389017 1 




r ^^ 


1092727 1 




1 103 


27054036008 > 


Answers. 


< 3002 


219365327791 1 




6031 


122615327232 J 




,4968 



These Examples arc all performed in the samelmanner as 
|he foregoing one. 

The use of tjie rube root will be shown in Mensuration. ' 



THE 



THi: 



PRACTICE 



OF 



MEJVSUR^TIOJV^ 



SHEWING THE USES 



OF TBE 



MOST PRINCIPAL RULES 



Applied to Measuring the 

SEVERAL ARTIFICER'S WORKS, 



CONCBBNBD IN 



BUILDING. 



♦ A A A ^ ^ ^ j# >i^ g^ g^ A A a» Ai<i» %i» A ^ «j# «l*i il* aJTi Ai 
'J|l J|k J^ 'J^ 'J^ J^ 'J|l 'j^ '411 ^ ^ ^ 4^ i|^ ^ ^ V ^ W ^ '^ ^ V 



MENSURATION 



Of 



SUPERFICIES; 



DEFINITION. 



E 



iVZRY quantity is measured by some other quantity 
of the same kind ; as a line by a line, a sur^Eice by a surface, 
and a solid by a solid : and the number which shows how 
often the lesser, called the measuring unit, is contained in 
the greater, or quantity measured, is called the content of 
the quantity so measured. Thus, if the quantity to be mea- 
sured be the rectangle ABCD, and the little square £, whose 
side is one inch, be the measuring unit propounded, then, 
as often as the said little square is contained in the rectangle, 
10 many square inches the rectangle is said to contain : so 
that if the length DC be supposed 5 inches, and the breadth 
AD 3 inches, the content of the rectangle will be 3 times 5, 
or 15 square inches: because, if lines be drawn parallel to 
the sides, at an inch distance one from another, they will, 
divide the whole rectangle ABCD into 3 times 5, or 15 
equal parts, of one inch each. And, generally, whatever the 
measures of the two sides may be, it is evident that the rect* 
VOL.' I. X angle 
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angle will contain the square £, as many times as the base 
AB contains the base of the square, repeated as uften as the 
altitude AD contains the altitude of the square. 

Hence we have the following rule for any parallelogram 
whatever. 



PROBLEM I. 

To find the area of a parallelogram, whether it 
be a square, a rectangle, a rhombus, or a 
rhomboides* 

Multiply the length by the perpendicular height, and the 
product will be the area. 



EXAMPLE I. 

IV hat is the area of a square A BCD, vhosc aide AB or BC 
is Cf. 3i. ? 



By decimal; 

2-25 
2-25 

1125 
450 
450 

t. 5 0625 



By duodecimal 

2 Si 
2 3i 


4 


e 9 

6 


Ans. 5 
It. 


i ii 



EX- 
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EXAMPLE 11. 



Wkai ii the area of a rectangle ABCD, wkoee length AB 
tt 12f. 6i. and the breadth BC 2f. 9i. 



Bj duodecimals. 




J2 


6x 




2 


9i 


9 


4 


6 


25 





1 


Ans. 34 


4 


6 


f. 


• 


* • 

11 



By decimals. 

12-5 
275 



£25 
875 
250 



f. 34-375 



EXAMPLE in. 

Whd ii the area qf a rhomhut ABCD, the length AB being 
12f. 6i. and the height 6f. 3i. ? 



By duodecimals 

12 6 
6 3 


By decimals. 

12*5 
6-25 


3 1 6 
75 


625* 
250 
750 


Am. 76 1 6 

« • • • 

: f. 1 U 


f. 78-125 



X 2 EX. 
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EXAMPLE. IV. 

fVhat is the" area of a rkomboides ABCD, tokose lengik AB 
is l6f. 3i. aMd ike keigM DE 5f. 6i. ? 



By duodecimals. 

16 3 
5 6 


By practice. 

16 3 
5 6 


By decimals. 

16-25 
5'S 


8 1 6 
81 3 


81 3 
8 1 6 


8125 
ai25 


Ans. 89 4 6 
f. 1 11 


89 4 6 

f. 1 u 


f. «r375 



PROBLEM II. 
To find the area of a triangle. 

Multiply the base by the perpendictilar height, aad half 
the product will be the area. 



EXAMPLE L 



IV hat is the area of a triangle ABC, the base AB being 



12f. 3i. and the height BC 8f. 6i. ? 



By duodecimals. 

12 3 
8 6 


By practice. 

12 3 

8 6 


By 

« 

2) 

• 

f. 


decimals 

12-25 
8-5 


6 
98 


1 6 



98 
6 1 6 


6125 
9800 


2)10* 


1 6 


2)104 1 6 

52 9 
f. 1 n 


104125 


Ans. 52 
f. 


9 

• • • 

1 11 


52-0625 



EX- 
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EXAMPLE II. 

tFkat is tke area rf a triangle ABC, wkase base AB »f 
I8f. 4i. and the height CD, lOf. 3i, ? 



By duodecimals 

18 4 
10 3 


4 
183 


7 

4 





2)187 n 





8. 93 

f. 


11 

• 
1 


6 

•< 
11 



By practice 

18 4 
10 3 


1 

>• 


183 

4 


4 
7 




2)187 


11 




Ans, 93 
f. 


11 

• 

1 


6 

• • 

11 



PROBLEM III. 

» 

To find the area of a triangle, whose three sides 

only are given. 

From the half sum of the three sides, subtract each side 
sevitrally; multiply the half sum and the three remainders 
together, and the square root of the product will be the area 
required. 



£X- 



4 

15S MSK8UEAT10K* 



EXAMPLE I. 

Requiretk the area of a triangie ABC, whote three ndet 
ABy BC, and CA, are respectieody 13^ H^ and 15 feet. 





13 
14 
15 

2)42 




21 
15 


21 the half sum of the sides 
21 21 
14 15 


8 first difference 


7 second diff. 

21 

X8 

> 

168 
X7 

1176 
X6 


6 third difference. 




7056(8277 
64 


fiKJt the answer 




162) 656 

324 




« 


1647)33200 
11529 






16547) 216710 
115829 





100681 



PROBLEM 
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PROBLEM IV. 

Any two sides of a right angled triangle being 
given, to find a third side. 

CASE I. 

JVkm ike two sides are given^ to find the hypothenuse. 

Add the squares of the two legs together, and the, square 
root of the sum will be the hypothenuse. 

EXAMPLE I. 

Reqmreth the kypotkemue AC of the right angle ABC, the 
mbave AB being 4, and the perpendicular BC 3. 

4 X 4 = l6 the square of AB. 
3X3= 9 the square of BC. 

25(5 the answer. 
25 

EXAMPLE IL 

In the right angle triangle ABC, the base AB is 56y and the 
perpendicnlar BC is 33, requireth the hypothenuse. 



56 
56 


33 
33 


336 
280 


99 
99 


3136 square 


1089 
3136 




4225(65 
36 




125)625 
625 



EX- 
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EXAMPLE m. 

There is a roqff whose span AB is 30/eef, tmd its kei^ CD 
12 feet ; what is the length of a n^er, as AD or BD ? 

This is only two right angled triangles of one continued 
base, joined together at their perpendicular. 



2)30 


12 
12 




15 
15 


144 
+235 


t 


75 
15 


369(19*209x 
1 


z=:AD or DB the am. 


223 


29)269 
261 






382) 800 
764 






38409) 360000 
345681 





H.'^lO 



J.X- 
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EXAMPLE IV. 

Tke span or width of a rorfU ^Sfeet^ and the height IS feet, 
standing upon a rectangle plan hiped at eadk endj I demand the 
length rf the common r^ers, and Hkewite the hip nfien. 

2)48 18 

18 
24 the length of the base -— 
24 144 

18 



96 
48 324 



i? 



76 

24 



9*00(30 the length of each common rafter. 
9 

60) 00 
00 



But because the hip rafters are the hypothenuses of rig^t- 
angled triangles, having a common rafter for one of the 
perpendicular legs, and the other leg being equal to half the 
width of the roof. 

Hence 30x30=^00 
And 24x24=s576 



1476(38-41 feet the length of a hip rafter. 
9 



68) 576 
544 

764) 3200 
3056 



7681) 14400 
7681 

6719 

TOL. I. Y CASE 



^6ft .MxvBumAnov. 

CASE II. 

The hypothenuie and one of the legs being gtven^ to find the 
other leg^ 

From tke square of the bypothenuaet take the square of 
the given Jeg^ a&d the square root of the lemabider will be 
equal to the other leg. 

EXAMPLE I. 
In the righi-an^d triangle ABC, the ha$e AB bang 40, 
and the hy^henime AC 50, / demand the perpendiadar BC. 

50 X 50 = 2500 
40 X 40 = l600 

900(30=:BC 
9 

60) 00 
00 



EXAMPLE 11. 

The width of a roof being 36 feet ^ and the length of a renter 
^5 feet t I demand the height of the roof. 

25 2)36 



X'D 


18 the base. 


125 


JS 


50 






144 


626 


IS 


324 






324 


301(17*3 the height nearly. 




1 




27)201 




189 




343) 1200 




1029 





17100 

PROBLEM 
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PROBLEM V. 

To find the ai*ea of a trapezium^ 

Multiply the diagonal by half the sum of the two perpen- 
, dicularsy fjedling upon it from the opposite aagleS| and the 
product wiU be the area. 



EXAMPLE L 

What is the area of a trapeiiwn ABCD, the diagonal AC 
hemg 36feety the perpetuliadar D£ l6feet, and BF l2/eetf 

16 

2)28 the sum of D£ and BF. 

14 
X36 

84 ■ 

42 . .1 . 



504=the area of ABCD. 



PROBLEM VL 
To find the area of a trapezoid. 

Multiply the half sum of the parallel sides by the pep^ 
pendicular distance between tliem^ and the product will be 
the area* 



T 2 • EX- 



164 MXlTBURATieV. 

EXAMPLE I. 

JFkat is the area of a board or plank m the form of a 
trapeziody being If. 7i. one end^ 2f. 3i. at the other endj and 
8f. 6i. long; 



1 7 

2 3 




2)3 10 




1 11 
8 6 




15 4 
XL 

* 


6 



• > 



l6 3 6 

f. 1 11 

PROBLEM VII. 

To find the area of any regular polygon. 

Multiply half the perimeter of the figure by the perpen- 
dicular, falling from its centre upon one of the sides, and the 
product will be the area of the polygon. 

EXAMPLE L 

Rcquireth the area of a regular pentagon ABCD, whose • 
side AB, or BC, &c. w ^f^^U ^^^ '^^ perpendicular EF 4/- 

6 
5 

2)30 

15 half the perimeter. 
4 

6o feet, equal the area required. 

EX- 
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EXAMPLE 11. 

Hem manffut of ground doa an hexangukar kdldmg aroer^ 
attack nderf tht base being 8f. 3i. and the perpendiadar 7 feet? 



8 3 
6 



2)49 S 



24 9 half the sum of the sides. 
7 



f.l73 3 



PROBLEM VIIL 

To find the area of a polygon, when the side only 

is given* 

Multiply the square of the given side of the polygon by 
that number which stands opposite to its name in the fol- 
lowing table, and the product will be the area. 






16S 
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No. of sides. 



Names. 



Miiltq»lier« 



3 
4 
.5 
6 

7 
8 

9 
iU 

11 

12 



Trigon or equilateral triang. 
Tetragon or aqoAre - * 
Pentagon - . - - - - 

Hexagon . - - - - 

Heptagon - - - - - 

Octagon ------ 

Nonagon - - - - - 

Decagon - - - - - 

Undecagon - - . - - - 
Duodecagon - ~ ' ~ 



0-43301+ 

,1-7S047+ 
2-59807+ 
« 63391+ 
4-82842+ 
6-18182+ 
7-69420— 
9-36564+ 
11-19615+ 



In the above Table, those multipliers marked with the 
sign -f** ^re rather too small ; on the contrary, those 
marked — , are too great : I have only given this Table to 
five places of decimals, being exact enough for most practical 
purposes. ' ; ' i 



EXAMPLE I. 



'. * 



Rcquircth the ana of a pentagon^ each side bemg lA^feet, 



14 



56 
14 

19^ 



172047 
196 

1032282 
1548423 
172047 

337*21212 feet ans. 



PROBLEM 
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MEN,sraAT:r{)N of .SfperficteS 



tdi^/i*tiAi»fi 



Prob.i. Pkoh.i. 



r i> 



11 A 

1-1— x: B 





£.r.J. 



Proh.i. 



f 

I 



a:.-. /. 



l^OB.Il/ 1*HC>B.II. 



n 

T*IV)B JIT 




li A 



pROB.m. 



^.'f-M'. /. 





Probjv. 



l^KoH.n-. 



l*ROB . iv: 




4^/^ 



OiJ.V. 







Prob vt 



t/ftf^(f.lW; 



lit 

Co 
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PROBLEM IX. 

The diameter of a circle being given, to find the 
circumference; or the circumference being 
given, to find the diameter. 

METHOD I. 

As 7 is to 22y so is the diameter to the circumference 
nearly; or, as 22 is to 7^ so is the circumference to ^ the 
diasieter nearly. 

EXAMPLE I. 

What it the drcumference of a circle^ whate diameter is 
12 feet f 



• 



« 





7 : 22 
12 


♦ ♦ 

♦ ♦ 


12 




« 




7)^64 






37 
f. 


8 

• 

I. 










EXAMPLE 


11. 






lyittt u 


the diameter of a 


arde wiou 


circumference i 


Siftetf 














22 ! 


17 


7 

f. 1. 11. 

22)441(20 6 
44 










1 












12 








^ 




12 
12 






\ 


22)144 
132 





12 

The 
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The molt practical method to find the circumference of a 
circle from its diameter, is the following : 

Multiply the diameter by 3 : add f part of the diameter to 
the product, the sum will be the circumference, the same 
as in Method I. 



EXAMPLE I. 

f§^kat U the circumference of a circUy wAote diameter is 
Uf. 61 f 



14 6 
X3 



43 6 

2 10 

45 6 10 

f. 1. 11. 



EXAMPLE XL 

What nmst he the length of a xcnccr to bend round a circukr 
cylinder y whose diameter is 3f. 6i. ? 



3 


6 
X3 




10 


6 







G 




11 





ans 



EX- 
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EXAMPLE III. 

JFkai it the circiimferefice of a iomdrcuiar vault ^ tohost 
diameter is ]6f. 5in. f 

f. in» 
16 5 



49 3 

2 4 1 

2)51 7 1 

feet 25 9 6 answer nearly. 



METHOD II. 

Multiply the diameter by 3*1416, and the product will 
be the circumference. 

Ordiiride the circumference by3-14l6» and the quotient 
will be the diameter. 



kis method comes nearer to the truth than the fore- 
goingy but for practical purpoiet. Method I. will be suffi- 
ciently near. 



PROBLEM X. 

The chord and height of a segment being given^ 
to find the chord of half the arc. 

To the square of the half chord, add the square of the 
height, and the square root of the sum will be the length 
of the chord of half the arc. 



TOL. I. 



EX. 



ifO BIEKSURATtOK. 

EXAMPLE. 

Tke ckwd AC hemg 48 feci, and the height DB 18 /re/, 

what ii the length of the chord of hatf^he arc? 

2)48 18 
18 



24 

24 144 

18 



96 
48 324 



, J C 576 square of half the chord 
( 324 square of the height 

900(30 length of Wlf the chord. 
9 



00 

PROBLEM XI. 

To find the length of any arc of a circley the 
half chord and chord of the whole arc being 
given. 

Subtract tlK obDrd of the' whole ai^ horn double the chord 
of the half arc t add -f-of the remainder to the double chord 
of the half arc, and the sum will be nearly equal to the 
length of the arc. 

EXAMPLE L 

U'hat is the itMgth ef the arc ACB, whou chard AB is 48, 

aMdik€kmtfdii^rdACii90f 

^XSOszfiO the double chord of the half arc« 
— 48 the chord of the whole arc. 

3)12 • 



*• 



(>4 the length of the arc Required. 

PROBLEM 
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PROBLEM XIL 



The chord and height of a segment being given, 
to find the radius of the circle. 



To the square of the half chord, add the square of the 
height, and divide the sum hy twice the height of the seg- 
ment, and the quotient will be the radius of the circle, whei^i 
it is less than a semicircle. 



EXAMPLE. 

The chord AC of a segment ABC being 48 feet^ and the 
ieight 18 feetf ph<U is the radius of the circle f 

2)48 18 the height 
18 



24 half the chord 

24 144 

— 18 



96 

48 324 



, , 5 ^^6 square of the half chord 
* I 324 the square of the height 

36)900(25 the radius required 
72 18 

2 

180 — 

180 36 twice the height 



z 2 PROBLEM 
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PROBLEM Xlir. 

Given n&ny two paraUel chords in a circle^ and 
their distance, to find the distance of the 
greater chord from the centre. 

To the square of the diftance between the chords, add the 
square of half the leuer chord* The difference between this 
sum, and the square of half the greater chord divided by 
twice the distance of the chords, will giye the distance of the 
centre from the greatest chord. 



EXAMPLE, 

Supfou the greater ckard CD is 48 fedf end ikeUuar AB 

SO, their distqnce £G 1 3 feetj what is the distance £F from 
the centre to the greater chord CD ? 

13 V==I5 V=2* m 

13 15 U 



39 


75 96 


13 


\5 48 




[chord — 


169 


225 sq. of the ess. 576 sq. of the greater ch. 




I6y sq. of the dist. — 3.94 




394 2 X 13— 26)1 82)7— EF dist. required 




182 



PROBLEM 
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PROBLEM XIV. 

Given a chord of a circle and its distance from 
the centre^ to find the radius of the circle. 

To the square of the half chord, add the square of the 
distance firom the centre, and the square root of the sum 
will be the radius required. 

EXAMPLE. 

Gtwii tie ckord CD 48 feet, andits dutance EF from the 
eeUrt 7 /ec#, re^drtd the raduu of the drck. 

V=^^ and 24x24^76 

7X 7= 49 



695(25 the radius 

4 



45)225 
225 



PROBLEM XV. 

* 

Given any two parallel chords in a circle, and 
the distance between them, to find the per- 
pendicular height from the middle of either 
chord to the circumference. 

Find the nearest distance of the greater chord from the 
centre, by Problem XIII* aod find the radius of the circle 

by 



174 ICXK9CEATX0V. 

by Problem XIV. add the distance between the two parallel 
chords, and the distance between the greater chord, and the 
centre of the circle together : this sum being taken from the 
radius, will give the perpendicular height from the middle 
of the lesser chord, to the circumference or height of the 
lesser segment ; to the lesser segment, add the distance Ixv 
tween the parallel chords^ and the sum will be the height of 
^e greater segment. 



EXAMPLE. 

Given the greater chord CD 48 feetj and the lesser chord 
AB 30 feet, their distance if G 13 feety reqmred the distance 
GH perpendicular from the middle of AB to the drcwrference. 

The distance from the centre to the greater chord, will be 
found to be 7 feet, by Problem XIII. and the radius 25 feet, 
by Problem XIV. 

13+7=20 and 25—20=5 feet, height of the lesser scg. 
Then 13-|-5=18 the height of the greater segment. 



PROBLEM XVI. 



To find the area of a circle, the diameter being 

given. 

METHOD I. 

Multiply half the circumference by half the diameter, and 
the product will be ihc area. 



EX- 



MEKSTTRAtlOy. \7i 



EXAMPLE I. 



ffiai is the area of a circle wkoee diameter tf 28 feet^ and 
ite droimference SS feetf 






176 
4/ 



61^ feety the area required. 



METHOD II. 

Multiply the square of the diameter by TSSi, and the 
product will be the area. 

EXAMPLE L 

Wiat is the area of a circle whose diameter w 3f. 6i. 

3-5 
3-5 



175 
105 



12*25 square' of the diameter. 
7854 



4900 
6125 
9800 
8575 . 

9*621150 the answer. 



In common practice, multiply the square of the diameter 
tvhcn given in feet, inche«, &c. by 9). 5ii« 

EX- 



I7« 



UZVWKAtlon* 


EXAMPLE. 


arta rf- a cirek wko$e diam 




f. i. 
3 6 
3 6i. 


1 
10 


9 
6 


12 
9 


3i 
5u 


5 1 
9 S 3 


3ui 


9 7^ 

1. 1 11 


3 the answer. 

• • • 

HI 



METHOD III. 

When the circumference is given. 

Multiply the square of the circumference by '07958| and 
the product wiU be.thc fJ«t 

EXAMPLE. 

PTkai is ike area rf a cirde ttdifli tie ciramference is 88 fectf 

88 
88 

704 
704 

7744 square of the circumference. 
•07958 

6195s 
38720 
69696 
54208 



6KH6752 the «i«a of the circle. 

PROBLEM 
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PROBLEM XVII. 

* 

To find the area of a sector of a circle. - 

Multiply the radivity or half the diaroetery by half the 
length of the arc of the sector, and the product will be the 



area. 



EXAMPLE h 

IFiat tf tie area of a sector ABC, the arc BC being 3f. 6'u 
and ike radms AB or AC 6f. SU? 



f. 

2)3 


6 


1 
6 


2 


3 
10 6 


6ii 


10 9 
f. L 


6 

• • 

11. 



PROBLEM XVIli. 

« 

To find the! drea of the segment of a circlei the 
chord and height of the arc being given. 

Find the length of the arc ABC by Prob. XI. and the 
radius of the circle by Prob. XIL the area of the sector 
ABCE by Prob. XVII. 

Subtr«i;t the area of the triangle AEC found by Prob. II. 
torn the area of the sector^ and the remainder will be the 
of the s^ment. 

▼OL. u A a EX- 



171 imwMnwfc 



EXAMH^. 



K 'v : ' ■'• > 






J » * .»!■'*.;* 



The Icugili of the «fc trill be bmi to Icl^ 

radiut S5 leet> ^Ima ^ 

ifiiO •; 

800 area of the MCtor iKttMioftfiettiaiUEi ACE 

16B \ 

Cm eiea of the aegpieat 



METHOD II. 



Multiply the height by 0*626 to the tqaaie of the product; 
add the square of half the chord ; multiply twice the square 
root of the sum by two thirds of the height| and the product 
is the area^ nearly. 



£X< 



xBVfir&ATioir. 179 



EXAMPLE. 

Wkta i$ tie ana rf a circular icgment ABC, wiou hagkt 
M IS/ectf and tie chord Wfcetf 

Xl8 X24 

5008 96 

626 48 



1 1-S68 576 square of the half chord. 
X"*26S 

90144 

67608 3)18 

fi«d36 — — 

11268 6 

11268 X2 



jj ( 126*967824 12 two thirds of the height 

^^ 1576 

702*967824)26*513 square root of the sum 
4 53*026=26*513X2 

X12 

46)301 

276 636*312 area of the segment 



525) 2696 
2625 



5301) 7178 
5301 



53023)187724 
159069 



A a 2 MBTBOD 



I«fr 



ti^ hoglit, add the cute driifr«^;4ivilii »r l#la^ 
the lei^ of the 9egBaa{^ and the tuiq^ jo^iU be iMiit|F 

the amu - ' x ' ?^ i '•< . ^ * 






£}faMtfPLE, u 



SlilTi- < f 



Wk&iiiii€ ercii <|^ti| eiroi^ «9«ksI| |||^|mp^ AH Mv 
48/ee^, ead tie heigk CD 18/e^f — 






4a 

384 

5)364 

r Xi8 

288 -i 

X2 2592 

324 




576 



+60T5 2x48=96)5832(60-75 

576 

636'75 the area required 



720 



480 
480 



This method will be sufficiently near for all practical pur*, 
poses, and is much shorter than the two first methods. 

PROBLEM 
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PROBLEM XIX. 



To find the area of a circular zone, which is 
that part of a circle laying between two pa- 
rallel chords, and the parts of the circle in*f 
tercepted by th(3 chords, 

Find the height pf each segment l^y Problem XT* aq4 

• 

fbt diameter by Problem XIV. ; then the difference of tha 
iJtgf^ienU found by Problem XVIII. w^ll b^ the ftnswer. 



EX. 



m lULvauEATioir. 

EXAMPLE. 

The greater ckard CD of a circular zone bemg M/eeij mii 
tAe ieuer chord AB 30 feet^ tkeir dittaiKc FG 13 fed, re- 
fmred the area of the zone. 

The distance £F will be found by Problem XIII. to be 
7 feet. 

The radius EF will be found by Probkm XIV. to bt 

25 feet. 

13-f 7^20, and 25 — ^20=^5 the height of the lesser legmeot 

13^=18 the height of the greater segment* 

30 5 

X5 X5 

3)150 25 

X5 

50 

X2 2X30^=6,0)12,5 



100 2.0833 
+2.0833 . 



102.0833 the area of the lesser segment 



48 18 

X18 X18 

384 144 

48 IS 



3)864 324 

— X18 

288 

X2 2592 

324 



576 

+60.75 2X48=96)5832(60.75 

576 



636.75 area of the greater segment. 



— 102.0833 area of the lesser segment. 720 

\ — 672 

534f.6667 area of the zone. ■ ... 

480 

480 

PROBLEM 
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PROBLEM XX. 

To find the diameter of a circle whose area 
shall be in a given proportion to the area of 
a circle whose diameter is known. 

If tke area is required to be greater than the given circle^ 
multiply the given diameter by the square root of the in- 
tended increase, and it will give the diameter of the circle 
required. 

But if the area is intended to be less than the area of the 
given circle, divide the given diameter by the square root of 
the intended decrease, which will give the diameter of the 
given circle. 

EXAMPLE I. 

fVkat ii the diameter of a drcUj whose area is 9 times as 
mwck at one of %l inches diameter f 

V9=3, then 21X5=63 inches. 

EXAMPLE II. 

What is the diameter of a circUy whose area is ^ of a circle 
ef 21 inches diameter? 

V9=:3, then V=7» 



PROB' 



184 IltKSUlUttOV* 

PROBLEM XXL 

To find the circumference of an ellipsis^ the 
transverse and conjugate axis being given. 

' Multiply half the sum of the two axes by 5; to tke 
product add -f part of the sum of the two axes, and this sum 
will give the circumference near enough for most practical 
purposes* 

EXAMPLE 1. 

Wkai is the circumference of on eUipm^ wkoH trtuufCerti 

«jat i$ 24 feety and tke conjugate 18 feetf 

24 
+18 

2)42 

21 

6s 

+ 3 



66 feet the circumference. 

EXAMPLE IL 

Tie uidth of an elliptical vault being 2lf. 7^ ond the height 
7f. 3^i. what is the circumference f 

2)21 7 



10 

7 


9 
3 


6 
6 


18 1 
X3f 


54 
+2 


3 
7 





56 10 the circOmfertAce. 
ft. in. 

PROBLEM 



HMn^vnAtiolt. lK5 



PROBLEM XXIL 

To find the area df ai^ ellipsis, thd trtasverse 
aad conjugate axes being gimen. 

Multiply the transverse axis by the conjtigatey and the 
prodnct by *7854, will give the area required* 

EXAMPLE. 

Whit ii the area of an ellipsis, wkase transverse axis is 24 
feetf and the confugait Ufeet 9 

24 -7854 



I • 



X18 X4S2 



192 1570Si 

24 ' 2S562 

-r^'. 31416 

432 : — > 

339*2923 alKwer* 



PROBLEM XXIIl. 



1 .,'.4 



To find the area of a parabola, the base or 
double ordinate being given^ and the axis or 
height 

Multiply the base by the height, and two thirds of this 
product will be the area required. 

TOL. I. B b EX- 
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EXAMPLE. 

mat ii the ana rf a parabola^ ike axit CD hmg IS, and 
tke Amble or^tiate AB IS? 



12 

X18 

3)216 

72 

X2 

144 answer. 



PROBLEM XXIV. 

To find the area ABCD, of the frustum of a 
parabola, whose parallel eods AB and CD 
are given ; alsa their distance £F. 

To the square of the greatest end, add the square of the 
lesser end, to the product of the ends : divide the sum by 
the sum of the ends, and the quotient multiplied by the 
distance of the ends, two thirds of the prodtuct will be th€ 
answer. 



EX- 



ri St 



Mexa^fk^itiok oj^ .Vi^FExririE,s 




PROJi. VII 



Prob . vin 




^0-2. 





PR0».IZ 



Prob . xvi 




Pkob.xix 



Prob jc. ilui pROKBitznrzi: 

H 




Prob. jc VII 



Prob.xvjit 





Prob . Axrn 



PROB.xaxxii 
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EXAMPLE. 



Siqtpose the end DC 24, ike 
EF 5y required ike area ABCD. 



24 


» 




24 


XS4 


X20 




X20 


96 


400 




480 


48 


576 
480 






576 








— — 


S^4.20=:44)1456( 


53 






132 


5 





136 3)165 

132 

55 
2 



110 answer nearly* 
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MENSURATION 



OP 



30LIPS. 



DEFINITION. 

I. jLxS a line can only be measured by a line, and a sur- 
face by a surface, so a solid can only be measured by a solid ; 
therefore solid rai^asuse is the finding the number of cubic 
inches, feety yards, &c. contained in any thing that consists 
in length, breath, and thickness. 

II. A prism is «a solid, whose ends are similar and 
equal parallel planes, and whose sides are parallelograms, 
and is denominated from the number of the sides of its base, 
as A, B, C, D. 

III. If the ends and sides are equal squares, the solid is 
called a cube, as A. 

IV. If the base or ends are rectangles, the solid is called 
a parallelopiped, as B. 

V. If the base or ends are circles, the solid is called a 
cylinder, as C. 

VI. If 



ME^^s■rKA'^o^' ofsoiiDS 



.y /i>/»/M,f«/^./ .1 (\/,.,,/rr ^ fy/,tulroit I 



^il 



III w m 



t'^prrS'tifttHl '/'/*" 




|l8)lfll7KATIOir« IS9 

VI. If the ends or bases are ellipsises, the prism is called 
m eylindroidy as D. 

* 

VII. A solid standing upon any plane figure for its base, 
and whose i^des are. plane triangles meetii^ ii^ one point, is 
called a pyramid, as A, B, and C. 

Yllf^. If* the base b a circle or an ellipsis, then the pyra-. 
mid is called a cone, as C. 



»i 



IX. A solid which is terminated by a convex 'surface, 
which is everywhere equally distant from a certain point 
within, is called a sphere, or glbbc* • 

• X. In a pyramid, cone,- sphere, or any other' taperii^ 
aolid, a part thert^ c<^tatiitd' be^een two pa/alld ends, is 
called a frustum ; and the parts wanting at the ends to com- 
plete the tapering solid, are called segments. 

■ • 9 

1 . 

XL If a frustum or any tapering solid be cut by a 
plane diagonally, from the extremity at one cud, to the op- 
posite extremity at the other, each of these pieces is called a 
hoof^ or an ungula, that beisg the greatest which has the 
greatest base. 



PROBLEM I. 
To find the area of a prism. 

Multiply the area of the base or end, by the perpendicular 
height^ and the product will give the solidity. 



EX- 



Ai 
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EXAMPLE I. 

tVhai ii fhcibUdity of a cube wkoietideu 12 imAat 

l2X12r=144, the area of the end, or l^i cubic inches, 
at one inch deep. 

144X ^2=1728, the number of cubic inches in a foot. 



EXAMPLE U. 

WhU ii tkc iolidUif of a prisma whose length AB is 10 feetf 
the breadth AC SL gi. wsd the depth AD 3& 6i.? 





f. 
5 
3 


• 

1. 

9 

6i 


2 
17 


10 
3 


6 


20 
10 


1 


6 area of the base 


201 
f. 


3 

• 

1 


answer. 

• • 

11 



EX- 
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EXAMPLE III. 

Required the area of a triangular priim^ the height hemg 
ISf. Sin. one tide of the base A 6m. and the perpendicular of 
the triangle to that nde 2t 4in. 



I ; « 



,',.•■ 


f. 


• 

1. 




3 


6 




2 


4 


1 


2 





7 







2)8 


2 





4 


1 




12 


3 




1 


3 




4P 







■•■ •..«» >■. 



:.'' 



area of the triangular base. 



50 3 solid contents of the whole. * 
f. 1. 1]. 

EXAMPLE IV. 

What is tie soUditjf of a et^Under^ xchose height is 12 feet, 
and the diameter of the base 2'5feetf 

8*5 



125 
^ 50 

. 6-25 
78 54 

2500 
3125 
5000 
4375 

4-9O8750 area of the base 
12 



58*905000 

EX- 



J9C KSv^vrmATioir. 



:m / ■ ■ ■ 



EXAMPLE V. 



fFkai is the iolidiiy of a cyHndeTf nAen ike circumference cf 
tkebateis 7*S5feet^ and the height I2feetf 



7-85 
X7-85 



*r- 



3925 
6280 
• 5495 

61 -£325 
X -0 7958 

4929800 ~ 

3081125 
5546025 
4313575 , 

4*903918550 area of the base. 
12 



58-847022600 solidity of the cylinder. 



PROBLEM IL 

To find the solidity of a pyramid. 

Multiply the ai*ea of the base or end by the perpendicular 
height, and one third of the product will give the solidity. 



EX- 
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EXAMPLE I. 

fFhat is the toUdity of a pyramid^ xoiose ktigki ii 9t (in. 
and each side of the base 2f. 3in. f 

f. io« 
2 3 
X2 3 





6 
4 6 


9 




5 Oi. 
X9 


9ii 
6>. 


45 


6 4 

6 9 


6 


3)48 


1 1 


6 



l6 4 6 solid content of pyramid. 

/• • • • • • • 

I. 1. 11. HI. 



EXAMPLE IL 



Required the solidity of .a, coney the diameter if the base 
being 2f. 6in. and the height 12f. 

f. in. 

2 6 s 2*5 

' 2-5 X 2-5 X 7854 X 12 = 58-905 the solidity of a 
cylinder of the same base and altitude. 



, , 58-005 
And — =19-035 the solidity of the cone. 
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PROBLEM III. 
To measure the frustum of a square pyramid. 

To the rectangle of the tide« of the two ends,' add the 
sam of their squares; that sum being multiplied by the 
height, one third of the product will give the solidity. 

EXAMPLE. 

Let ABCDEFG be tkefnuhm of a square pyramid^ one side 
of the ba»e AB, or BC, being 3f. 6in.; each side DE, or £F, 
<f the top 2f. 3in. ; and t\e perpendicular height HI» 6(. ^n. 







f. in. 

3 6 =: 3*5 
2 3 = 2*25 
69 = 6-75 


3-5 
X3-5 


2-25 
X 2-25 


2*25 side of the lesser base. 
X 3' 5 side of the greater base. 


175 

105 


1125 
450 
450 


1125 
675 

r 7*875 rectangle of the two bases. 
< 5*0^25 square of the top end. 
[ 12*25 square of the base. 


1 ^ <^«/ 


5-0625 










25*1875 sum. 
x6-75 height. 






1259375 
176*3125 
1511250 




3)170*015625 






56*671875 solidity of the frustum. 






METHOD 
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METHOD II. 



To the rectangle of the sides of the two bases, add one 
third of the square of their difference; that sum being mul- 
tiplied by the height, will give the solidity. 



EXAMPLE. 

Let ABCDEFG be the frustum of o $quare pyramid^ one side 
of the base AB, or BC, being 3f. 6in.; each side DE, or EF, 
tf the topf being 2f. 3in. ; and the perpendicular height HI, 
6f, 9in. ; • required the solidity* 



f. 

3 
X2 


in. 

6 

3 


f. 

3 

—2 

1 
XI 

of the sides. 3 
1 3 


in. 

6 

3 


10 
7 


6 


3 difference. 
3 


7 10 
+0 6 


6 rectangle 
3 

9 


9 


8 4 
X6 9 


3)1 6 
6 


9 square of t 
3 


6 3 6 
50 4 6 


9 






56 8 


9 answer. 


• 



cc 2 PROBLEM 



r ' 



m 



PROBWBII IV. 



Td measure the 



of « tone. 



I.i ♦! . ^ ^ 



-f ? 






, To the rectangle of ttie two diameterti add the sum ol the 
iquares of these diameten; multiply the product by *7854^ 
and that product by the length; then one third of the hit 
product will give the aolidUfi'>'' 

Note* If the circuniferences are gii^eii, proceed in tkp 
line manner^ o|Uy multiply %y "07919^ katapd of 



f. 



EXABfPIiL ^ 

Wiai is the toUdky tf tke Jhuhtm ^ • ame^ ikt dmmefer 

of the greater ind bring 3 /cef , and thai of the k^ier tmd 8 

feety and the altitude 9 feet 



2x2=4 
2x3 = 5 

19 



'7854 
Xi9 

70686 
7854 

14H^6 
9 

3)134-3034 

4^7678 the solidity of the frustum. 



or 
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or 



A PRISMOID. 



DEFINITION. 

Al PRISMOID is a solid contained under six planes, the 
ends being parallel, but unlike rectangles ; and the other four 
sides, each opposite, two are equal trapeziums. 



PROBLEM L 



To measure a prismoid ABCDEFG. 



Multiply the length at the greater end BC, by the breadth 
at the lesser end F£, and the length at the lesser end D£, by 
the breadth at the greater end AB. 

To half the sum of the two products, add the areas of 
the two ends ; that sura multiplied by ^ of the height GH, 
gives the solidity. 



EX- 
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EXAMPLE. 

What is the solidity of a prismoid ABCDEFG, wiase greater 
end ut \ 2 inches b\/ S> and the lesser end 8 inches by 6, and the 
length or height HI, 5 feet f 

12 X 6 = 72 
8 X B = 64 



2)136 



68 half the sum of the products. 
12 X S =s 96 the area of the greater end. 
8 X 6 c= 48 the area of the leaser end. 



212 sum. 

20 one third of the height. 



1728)4240(2 solid ft and 784 solid in. the ans. 
3456 



784 



Or by feet and iwches. 



If. X (>•• = 6i. 
81. X 8i. z= 5i. lii. 



2)11 4 sum. 



5i Sii. half the sum of the products. 
Sf. X li» := S the area of the jrreater end. 
8i. X 61. zr 4 the area of the lesser end. 



15 8 sum. 
XI 8 one third of the height. 



•o" 



119^ 

15 8 



2 5 5 4 

v» • • • • • • 

f. 1. n. 111. 

PROBLEM 



MfiNSURATION. Igg 



PROBLEM IL 



To find the solidity of a sphere or globe. 

Multiply the cube of the diameter AB by 5236, and the 
product is the solidity. 



EXAMPLE. 



n^hat U the solidity of' a globe, whose diameter is 3 feet f 



3 X 3 X 3 = 27 

• And -5236 
27 



56652 
10472 



14*1372 the solidity of the globe. 



PROBLEM IIL 
To find the solidity of the segment of a globe. 

To three times the square of half the diameter AB of the 
btte, add the square of the height CD ; multiply the sum by 
the height CD, then the product multiplied by *5236, will 
give the solidity. 



EX- 
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EXAMPLE. 

What is the solidify of a spkeriad segment, the diameter of 
the base being \feet^ ami the height of the segment Sfeet } 

i = 2 half the diameter. 



2 






X2 . 


3x; 


J = 9 the square of the heigl 


4 


, 




X3 






1 2 three times the 


square of half the diameter* 


+9 




• 


21 




•5236 






X2l 

5236 
J0472 




10-9956 the solidity. 



PROBLEM IV. 

To find tlic solidity of a spherical zone, the 
radius ED, and FB of the two parallel 
circles at the end being given, and their 
distance EF. 

To the squares of the two radiusses, add one third of the 
square of the height; multiply the sum by the height, and 
the product by 1*5708, will give the bolidily. 



EX- 
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EXAMPLfe. 

fFkai is tie ioiid content of a spherical zone^ whose greater 
tadius is 12 inches, and the lesser 10 inches; and the height or 
distance of the ends 4 inches f 



12* + 10* + 4* X 4 X 1-5708 = 1566-6112 the 
Bolidity required. 3 



1>R0BL£M V. 

I 

To find the solidity of a wedge ABCDE. 

Kf uldply the area of the base ABC by the perpendicular 
hdght EF, and half the product %\\\ give the solidity. 



EXAMPLE. 

tU^ired the solidity of a wedge ABODE, the side AB being 
If. 3in. and BC 2f. 6in. and the height 4f;? 

Then ^-^ ^ *^^ — ^'^ ^^* solidity. 

Nate* The solidity of any prismatic ungula will be found 
in the same manner; that is, half the product of th^ satk of 
the baser multiplied into the height, will give the solidity. 

VOL. I. x> d PROB- 
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PROBLEM VI. 

To find the solidity of the hoof, or ungula^ 
from the frustum of a square pyramid. 

To the square of the side of the base, or that end which 
is complete, add one half of the product of the sides of the 
fwo ends; this bdng multiplied by one third of tiie height, 
gives the solidity. 

And if the hoofs are any other than that of a square pyra- 
mid , find the square root of the area of each end, which 
will give thejide of a square equal in area; then proceed as 
above. 

EXAMPLE. 

Required the solidity of <tn ungyla ABCDE,^ram the frus' 
ium of a squop-e pyramid^ the side of the greater end, whicA is 
complete^ being if. 6in. that of the lesser end if. Sin, and the 
height FG 3f. ? 




— « 1::: x - = 5-3125 the solidity. 

Then 1-5+2 3 ^ 



PROBLEM VIL 

To find the solidity of a spheroid ; the fixt axis 
and the revolving axis being given. 

Multiply the fixt axis by the square of the revolving 
axis, and the product by '5236, will give the solidity. 



EX. 
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EXAMPLE I. 

What is the solidity of a prolate spheroid, whose transverse 
axis is 100 feet, and the conjugate 60 feet ? 

100 X 60* X '52S6 = 188*96 the solidity required. 



EXAMPLE IL 

IFkat is the solidity of an oblate spheroid, whose transverse 
axis is 100 feet, and the shortest axis 60 feet t 

60 X iOO* X -5236 =r 3U160 the solidity required. . 



PROBLEM VIIL 

To find the solidity of a parabolic conoid ; the 
diameter AB of the base being given, and 
the perpendicular height CD. 

Multiply the square of the diameter of the base by '3927? 
and the product by the height will give the solidity. 

EXAMPLE. 

What is the solidity of a paraboUc conoid, whose height is 
50 feet, and the diameter of the lose 30 feet f 

30* X -3927 X 50 = 1767 1*5 the solidity required. 

Dd 2 PROBLEM 
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PROBLEM IX- 



TjD find the solidity of the frustum of a para- 
bolic conoid, the greater diameter AB, th^ 
lesser CD, and the perpendicular height £F 
being given. 

To the square of the diameter of the greater end AB, mid 
the square of the diameter of the lesser end CD ; multiply 
the sum by *3927| and the product by the height EF, will g^Te 
the solidity required. 

EXAMPLE. 

JFhat is the solidity of a parabolic frustum, the diameter of 
the greater end being 60 feet, the lesser end 48 feetf aad the 
distance of the ends 18 feet ? 

60^ 4- 48* = 5904 the sum of the squares of the ends. 

Then 5904 X '3927 X 18 = 417330144 the solidity- 
required. 



OF 



•lEKSURATXOK, S05 



OF AN 



ANNULUS, 



OR 



CYLINDRIC RING. 



DEFINITIONS. 

I. XF a circle is carried round a right line as an axis, 
imd in the same plane with the circle, either touching the 
axis, or at a g^ven distance from it, it will generate a solid, 
called an annulus, or cylindric ring. 

II. The diameter of the generating circle is called the 
thickness of the ring. 

III. Twice the distance of the generating circle, from Uie 
axis of rotation, is called the inner diameter. 

PROBLEM I. 

To find the solidity of ^n annulus, or ring, whoso 
thickness and inner diameter are known. 

METHOD I. 

To ihe thickness of the annulus, add the inner diameter ; 
p^ultiply the sum by the square of the thickness, a/id the 
piodt^ct by 2*467^f will give the solidity sought. 

METHOD 
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METHOD II. 

Multiply the circumference round the middle of the 
annulus, or that circle gehetat^ by tKe centre of the gene- 
rating circle, by the area of the generating circle, and the 
product will give the solidity. 

Note, This last method will gire the solidity of any part 
of an annulus, or ring, comprehended between any two 
planes passing through the fixad axis. 



EXAMPLE.. 

IFhat is the solidity of an annulutf whose imier diameter is 
t inches, and the thickness of the annulus 5 inchest 

Then 8+3 X 3* X 24674 = 244*2726 the solidity. 



PROBLEM II. 

To find the solidity of a hollow cylinder, the 
exterior and interior diameters being given, 
and the perpendicular height 

Multiply the sum of the diameters CD and EF by their 
diflfercnce, and the product by 7854; then by the altitude 
Gil of the cylinder, and you will have the solidity required. 



EX- 
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EXAMPLE. 

Required the solidity of a hollow cylinder^ the exterior dia* 
meter CD being 14 feet^ the interior diameter £F 12 feet ^ and 
the perpauliadar height AC 10 feet. 



Then 14+12 X 14 — 12 X -7854 X 10 = 408408 
tb€ solidity. 



PROBLEM IIL 

To find the solidity of a frustum of a hollow 
cone, of an equal thickness; the exterior and 
interior diameters at each end being given, 
and the perpendicular altitude. 

Multiply together the sum of the two interior diameters, 
and the difference of the diameters at either end, by '7854, 
and by the perpendicular altitude; then by the said dif- 
ference, and the continued product will give the solidity 
xequired. 

EXAMPLE. 

Required the jsoiidity of a frustum of a hollow cone, the bot- 
tom diameterSf AB and GH, being respectively 35 and 32 feet ; 
the top diameters, CD and EF, respectively 29 and 26 feet ; 
and the perpendicular altitude IK, 25 feet. 

Then 35 — 32 = 3 the difference of the diameter. 
Or 29 — 26 = 3 the difference of the diameter. 



And 32 4. 26" + 3 X 7854 X 3 X 25 = 3593 205 
the solidity. 

PROBLE.M 



PROBLEM IV. 

To find the solidity of a hoUow foment o€ tt 
'^obe^ the bottom diameters AB and CD^ 
being given, and the perpendietiibur altitudes 
DF and £G of the etterior and ifiterior 
3egaienfs« 

Find the solidity of eadi tegment by Prob. III. p. 1 J9^ 
mbtfact llie lener wegnokt Hcom tlhs gRSter» aod tho diiisi^ 
eiioe will give the solidly of tike kotkm n^gBMoaiL 

PROBLEM V. 

r I* 

^^ ♦ 

To find 4he solidity of a hoUow firustum of a 
zone; g^veh the bottom diameters AB and 
CD, the top diameters EF and GH, and the 

perpendicular altitude IK. 

• 

Add into one sum, twice a rectangle under the difference 
of the diameters at the bottom^ by the less diameter; twice a 
rectangle of the difference of the top diameters by the less^ 
and the squares of the difference of both ends ; then mul- 
tiply the sum by *7854» and the product by the perpcndi-( 
cular altitude will give the solidity. 

EXAMPLE- 

Required the tolidity of a hollow sone, the diamctets AB ontf 
CDy at the bottom ^ being respectively 26 and 24 feet; aid the 
fop diameters, EF and GH, 23 and 20 feet respectivcljf ; and 
the perpendicular Iieight IK, 4 feet. 



.J 



2 X 26— 24 X 24+2 X 23— 20 X 204.26—24 +23—20 
X7854x4=719'4264 the solidity. 

or 



* 
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OF FINDING TH£ 



CONVEX SURFACES OF SOLIDS. 



PROBLEM L 

To find the convex surface of a right cylinder, 
the circumference and length of the cylinder 
being given. 

* Multiply the circumference by the length of the cylinder^ 
and the product will be the arca« 

EXAMPLE. 

What is the convex superficies of a right cylinder^ whose 
drcwnference is 2ft. 6in. and the length 5ft. Sin. } 



Then 5f. 3i. X 2f. 6i. = 13f. li. 6ii. the answer. 

Nate* If the diameter is given, find the circumference^ 
and proceed as before. 



VOL. 1. te PROBLEM 



ii» 



PBOBLEM U. 

To .find die convex Mi|MBEfieie« of a z^it 
. oiiie^ Itecli«0iaftrtno9l«dllai|( lltfr.l)^ 

Multiply dM dreaBifemic»*ty tlw sbal tide oT the coMv 

and half 4m piodfict iritt be the ei«u 

« 




t? 5 



ii fie cMnNar npeffiem ^ m r^fH cme^ ^ cu ' ^ iw 
Then 6*95 x 4*5 a 14-0fi85 the iopeiicies re(iiiimL 

J/b^e* If the diameter is given, find the circumference, 
and proceed as before. 



PROBLEM III. 

To find the convex surface of the frustum of. a 
right cone, the t:ircumferences of both ends 
being given, and the slant side of the cone. 

Multiply the sum of the circumferences by the slant side 
of the cone, and half the product will be the area. 



EX- 



sltJ^-k ' 
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EXAMPLE^ 



What is the convex superficies of a frustum of a right cone^ 
the circumference of the base being 4'6 ft. the circumference of 
the top beitig 3*25 ft. and the altitude 5*75 feet? 



Then 4*6 + 3*25 X 5*75 = 22*56875 the answer. 



PROBLEM IV. 

To find the superficies of a sphere or globe, 
the greatest circumference being given. 

Multiply the square of the circumference by '3183, and 
the product will be the superficies. 

EXAMPLE. . 

What is the superficies of a globe, the greatest circumference 
being 10*6 ft.? 

Then 10^ X icr6 x -3183 = 35764188 the superfi- 
cies required. 

PROBLEM V. 

To find the convex superficies of the segment 
of a sphere or globe, the diameter of the 
base of the segment, and its height, being 
given. 

To the square of the diameter of the base, add the square 

of twice the height; and the sum multiplied by *7S54y will 
give the superficies. 

£ e 2 E\- 
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EXAMPLE. 

IFkat is the comcx svrfacc of the segment qf a globe^ ike 
diameter of the base bemg 17*25 ft. and the height 4*5 ft. ? 

2 X 4*5 = 9 twice the height. t 

9 X 9 = SI square of twice the height 



17*25 == 29J^'5625 square of tht diameter of die base. 

Then 297-5625 + 81 X 7854 = 297*3229875 the su- 
perficies required* 

PROBLEM VI. 

Xo find the convex surfaces of a spherical zone, 
the diameters of the ends and their distance 
being given. 

Find the diameter of the sphere by Prob« XIII. and 
Proh. XIV. in Mensuration of Superficies; then multiply 
the diameter of the sphere, and the distance of the parallel 

ends of the zone together, and the product by 3* 1416, will 
give the superficies required. 

EXAMPLE. 

In a spherical zone^ the distance of the parallel ends being 
4in. the diameter of the greater end 24in. and that if the lesser 
end 20in. what is the convex superficies, ivhcn the centre of the 
sphere is without the zone f 

The distance of the greater chord from the centre, will be 
found to be 3*5 inches, by Prob. XIII. 

The radius will be found to be 9.5 inches, by Prob. XIV. 
or the diameter 50 inches. 

Then 60 x 4 X 3*1416 = 628*32 the answer. 

Note. If the diameter is given, find the circumference, 
and proceed as before. 

PROBLEM 
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PROBLEM VII. 

To find the convex superficies of an annulus^ 
or ringy whose thickness and inner diameters 
are known* 

METHOD I. 

To the thickness of the ring, add the inner diameter; 
multiply the sum by the thickness, and the product by 
9*869, will give the superficies required. 

METHOD II. 

Multiply the circumference of the generating circle by 
the circumference round the middle of the ring, or that line 
generated by the centre of the generating circle, and the 
product will be the area. 

Note. This last method will give the convex superficies of 
any part of an annulus, or ring, comprehended between two 
planes passing through the fixt axis* 

EXAMPLE. 

JFhat is the convex superficies of an amuluSy or rtng, wiotc 
buur diameter is Sin* and the thickness 3in.? 



Then 3 + 8 X 3 X 9*869 = 325*677 the superficies 
required. 



o? 
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OF 



SPECIFIC GRAVITY. 



DEFINITION. 

I. The specific gravity of a body; it the relation that the 
weight of a magnitude of that kind of body, has to the 
ight of an e<)ual magnitude of another kind of body. 



II. In this comparison of the weights of bodies, it is con. 
Yenient to consider one body as the standard or unit, to 
which the others are to be compared ; and as rain water is 
nearly alike in all places, therefore this seems to be the most 
convenient for a standanf. 

III. It has been found by repeated experiments, that a 
cubic foot of rain water weighed 62i| pounds avoi rdu poise ; 

(62* 5 \ 
— p- j 0*036 1 68981b. is the weight of one 

cubic inch of rain water. 



IV. The knowledge of the specific gravities of bodies, is 
of great use in computing the weights of such bodies, as arc 
too heavy or too difficult to have their weight discovered by 
other means. 

A TABLE, 



MEHICSATIOir. 



A TABLE, 



Shewing the specific -gravity to rain water, of metali, ud 
other bodits ; and tlie weight u( a cubic inch of each, is 
puts of a pound avoirdupoise, and an ounce troj. 



Bodies. 


Sp.gra. 


Wt. lb. av. 


Wt. oz. tr. 


Hnegold . - . 


19-6+0 


07T035S7 


10-359475 


Stan<Iar(l fcold - - 


19-5TO 


0-7060185 


9P626S5 


Coast gold - - ■ 


)8-S38 


0-6S23703 


9-911707 


guicksilver - - - 


13762 


0-4976.'.~+ 


7 384411 


LMd 


n-313 


0-4091696 


5-984010 


fine silver - - - 


11 -1)92 


0-4011501 


5-850035 


Standard silver - 


10-629 


&-3 344*00 


5-55d76"9 


CasitilvOT - - - 


10-528 


0-3807870 


5-503967 


Copper - . - . 


8-7 6"9 


0-3 17 1653 


4-747 121 


Platf brass - - - 


8-350 


0-3912593 


4-40*273 


Cast brass - - - 


8-104 


0-2929332 


4-272409 


SlCrl . . - . 


7-850 


0-2839265 


4142127 


Bar iron - - - - 


7-7li* 


0-28OS159 


1-031361 


Block tin - - - 


7-338 


0-26 17901 


3-861519 


Cut iron - . - 


7-135 


2580647 


3-806568 


Loadstone . - - 


5-100" 


0-1846783 


2-724083 


Blue slate ... 


3-500 


01264914 


1 ■867272 


Vetnca marDie - 


2-70-2 


0-0977286 


1 -4294 11 


Common glass • - 


2-0"00 


0-0940393 


- 1-J60!«4I 


Flint stone - - - 


2-582 


00933383 


1351419 


Potlland stone - - 


2570 


0-0929543 


1-3*5139 


Piw stone . - - 


2-352 


0-0915788 


1-231038 


Brick - . - - 


a-ooo 


0-0723379 


1-046801 


Alabaster • - - 


1-888 


0-O683o6l 


0-988456' 


'S\ ■-■ 


1-832 


0066^606 


0-95 84S9 




i-soo 


0-U65I042 


0-949424 


^y 


1-7 IS 


0-0t;i92l3 


u-poaiya 



2l6 



MENSURATION. 



TABLE CONTINUED. 



Bodies. 


Sp. gra. 


Wt. lb. av. 


Wt oz. tr. 


Lignum vitas - • 


1-327 


0-0479862 


0*699936 


Coal 


1-255 


0-0453921 


0-661959 


Pitch .... 


1150 


00415943 


0*606576 


Mahogany wood • 


1-063 


0-0384475 


0-560691 


Dry box wood - - 


1-030 


0-0372530 


0-543272 


Milk 7 

Sea water 3 ' * 


1-030 


00372530 


0-543272 


Rain water - • - 


1000 


0-0361690 


0-527458 


Red wine - - - ^ 


0-993 


0-0359158 


0-523766 


Bees wax - - - 


0-995 


0-035988 1 


0-524820 


Linseed oil - - - 


0-932 


0-0337095 


0-491591 


Proof spirits or 7 
brandy - - ) 


0927 


0-0335503 


0-489268 


Dry oak . - - 


0915 


0-0330946 


0-489008 


Olive oil - • - 


0-913 


0-0330222 


0-481569 


Beech - - - - 


0-854 


0-0308883 


0*450449 


Dry elm 7 

Dry ash j ' ' " 

Dry wainscot - - 


0-800 


0-0289352 


0-421966 


07*47 


0-0270182 


0-39401 1 


Dry yellow lir - - 


0-657 


0-0237630 


0-346539 


Cedar . - - - 


0-613 


00221715 


0-323332 


Dry white deal '- 


0-569 


0-0205801 


0-300123 


Cork 


0-240 


0-0186805 


0-126590 


Air 


0-0012 


0-0000434 


0-000633 



Note. 7000 grains make lib. avoirdupoise, and 5760 

grains make lib. troy; therefore as lib. avoirdupoise J lib. 

troy II 7000 ♦ 5760, or as 700 J 576y consequently, 

576 
lib. avoirdupoise, multiplied by - — gives lib, troy, and 

lib. troy, multiplied by -— -. gives lib. avoirdupoise. 

570 

For 






. , , 700 

For example, 12 ounces is a pound troy; then —^ X 1^ 

s= 14*5Sj> the number of troy ounces in one pound 

avoirdupoise, and 14* 58|- multiplied into any number 

under Wt« lb. av. in the table, will givcf its opjlostte 

567 

number under Wt. 02. tr. ; on the contrary, if — 

^ 12X700 

be multiplied by any number under Wt. oz. tr^ it will pro-* 

dttce its opposite or horizontal number. under VfU lb. av. 



PROBLEM 1. 

The weight of a body being givcn^ to fmd its 

solidity. 

Divide the givcii weight in pounds avoirdupoise, by the 
tabular weight corresponding to the name of the same kindf 

■ 

and the quotient will be the solidity in cubic inches ; and if 
the quotient is divided by 1728, you will have the number 
of cubic ieet« 

Example. 

JFkai ii the solidity of a block of marhUy ueighing S tons 
14cwt. tn cuHefeet? 

Now 8 tons 14 cwt z= 194881b. 

Then -^-^ : -f. 1728 =c 115-4 cubic i&t the solidity. 

•Oi;7728() ' 
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Ml flie prodncl will gfve the ireight fai poimdt iiuiifcpdiw. 



.1 



I J4^UauH<I 




At.f 



-I 



in^ w iOiB. He *iir«>ilil lUii. — <tfc Ay<i Hin.? 






OF TUB 



FIVE REGULAR SOLIDS, 



DEFINITIONS. 

I. A regular solid, is a body that either may be inscribed 
or circumscribed by a sphere, in such a manner as to be 
contained under equal and similar planes ; alike posited, and 
equally distant from the centre of the sphere. 

II. The 
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II. The Titraedronf is coutained under four equilateral 
triangles. 

III. The Hexaedron^ is contained under six equal squares. 

IV. The Octaedron^ is contained' under eight equilateral 
triangles. 

v. The DwUcaedronf is contained under twelve equilateral 
and equiangular pentagons. 

VI. The IcosatdroHf is contained under twentjf equilatend 
triangles. 

PROBLEM I. 

To find the super^cies, and solidity^ of any of 

the five regular bodies. 

To Jindthe superficies. 

Multiply the area (taken from the following table) by the 
square of the linear edge of the solid, for the superficies. 

To find the soiiditf. 

Multiply the tabular solidity by the cube of the linear 
edge, for the solid content. 



Surfaces and Solidities of the five regular Solids. | 


No. of 
sides. 


Names. 


Surfaces. 


Solidities. 


4 

6 

8 
12 
20 


Tetraedron r - 
HexaedroD - - 
Octaedron - - - 
Dodecaedron - - 
Ifosaedrpn - - 


173205 
6-00000 
3*46410 
20-64573 
S66025 


011785 
1-00000 
0-47140 
7-66312 
. 2-I8I69 



rf 2 
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EXAMPLE L 



Jf the linear edge or side tff a tetraedron be 3, refnired its 
tupafieial and solid content. 

Thus 173205 X 9 = 15-68845 superficies. 
And 0*H785 X 27 = 3*18195 solidity. 

EXAMPLE II. 

Whai is the svtfface and soUdity of the hesaedron^ oAote 
hnear side is 2} 



*""' { :js?r:'; } 



EXAMPLE IIL 

Required the superficies and soUdity of the oetaedron^ who$e 
linear side is f. 



Answer j superficies = 13-8564 7 



EXAMPLE IV. 

Jf'haf ii the superficies and solidity of the dodecacdron^ "whose 
lintar side is 2 ? 



Answer 



C superficies === 8258292 7 
I solidity = 6r30496 3 



EXAMPLE V. 

What is the superficies and solidity qf an icosacdron^ xvhose 
hnear side is 2f 

Answer { superficies = 34-641 7 

.J. sohdijy. = J7-45S52 j 



ov 
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MEASURING 



IBEEGULAR SURFACES & SOLIDS. 



DEFINITION. 

An irregular surface or solid, is such a surface or solid 
which have their bounds by lines or surfaces in any manner 
whatever, of no particular kind of form or shape, but merely 
accidental, according as they are to be found or given. 



PROBLEM L 

To measure any irregular surface whatever, by 
means of equidistant ordinates. 

METHOD I. 

To the half sum of the two outside ordinates, add the sum 
of all the other remaining ordinates ; multiply the whole 
<um by the distance between any two ordinates, and the pro^ 
duct will be the superficial content. 



EX- 



EXAMPLE I. 

Lit Rg. 1, nUc 8^ it tie ewrvt fM/mti, 

trimtitt, AB» CD, EF..<^1K. IM, mi'HOtmn 

iHfiifii ilj OL l^^m. €lt. 7tL ift. md mu md tie A- 

^AC, CE, EG, «rCI, « Sft. nfanitkenm^tkt 



AB » 5 

MO » • 



J0i«, -' . • :.: . ' -At !'J.-: 








6 


6 kalf thenuB 


rf dw oatrfii 


CD 


«B 5 


« 




EF 


-6 







6H 


— 7 







K 


-9 





« ■ * 


LM 


SBlO 





\ 



M B 



■ .rjt ' 



EXAMPLE II. 

Tlait 54, Fig. 2, l!e^ ABCD &f a circU, wkme 

AC, or BD, is lOfL i) » reqmrtd to JUii the area by meams of 

tquidittant ordinaies, marked 3ft 4fu 4-5ft. 4*9ft. imi 6ft 

haag at ike diskmce of 1 foU from each other. 


5 

2)5 

2'5 half sum of the outeide ordinatcs. 

3 

4 

45 

4*9 



18'9 area of one quarter. 
4 



75*6 feet, area of the whole. 

If 



If the diameter, which b 10 feet, be multiplied by '7854, 
Che product, 78*54, will be the -area. From hence it ap- 
pears, that this mode of operation, by means of equidis- 
tant ordinatesy is exceedingly near the truth in measuring 
inegalar planes; for it will produce the area of a circle, 
which is one of the most oblique curves possibU, as the ends 
raise quite perpendicular to the axis, from only 10 equi- 
distant spaces within the -^ part of the truth ; and would be 
still nearer when applied to measuring any plane sur&oe, 
where it is bounded partly by concave and partly by convex 
curves : becanse^ if wholly bounded by a convex curve, or 
curves, rthe area will be something less than the truth ; but 
if bounded by a concave curve, or curves, the area will be 
somethlQg greater than the truth ; and if the extremities of 
the ordituites are joined by straight lines, the area sotbund 
will be exactly trUe : but the following is a method of ap- 
prordmation still nearer to the truth, whether the cun*e be 
concave or convex to the axis. 



METHOD II. 

* 

Divide the given curve, by ordinates, into any even num- 
ber of equal parts ; then add into one sum four times the 
sum of all the even ordinates ; twice the sum of all the odd 
ordinates, except the first and last, and also the first and last 
ordinates ; and if one third o^ that sum is multiplied by the 
common distance between any two ordinate^ the product 
will be the answer. 



£X. 



in MSVSUEATION. 



EXAMPLE I. 

« 

Lei Fig, 1, Plate S4, be a atroe of any kind^ whose eqvi* 
distant ardinates, AB, CD, £F, GH, IK, LM, and NO, are 
respectively 5ft 5ft. 6in. 6ft 7ft. yft. 10ft. and 8ft. and ike 
distance between the ordinates is 3ft. rejuifed ike area of the 
curve. 

CD, GH, and LM, will be the even ordinates ; that i9> 

the second, fourth, and sixth; £F, and IK, the odd ordi* 

nates, that is, the third and fifth; AB, and NO, the first 

and last. 

f. 
£F =± 6 
IK =r 9 

15 

2 

30 

po 4 four times the sum of the even ordinate^. 
:30 twice the sum of the odd ordinates. 

5 first ordinate. 

8 last ordinate. 



f. 

CD = 5 

GH = 7 

LM ^ 10 


in. 
6 




22 


6 

4 



3M33 Osum. 



44 4 

3 



133 the area, or superficial rontonf. 

Now by comparing this area, viz. 133 feet, with the aroe 
found in Method I. Example I. viz. 132 feet, there appears 
to be a difference of 1 foot ; but this last method is the most 
correct. 



EX- 
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EXAMPLE IL 

FUUe 54* Fig. 3, Ui ACEOILN be a concave curves whoH 
equidiitani ordmateij A, BC, D£, FG, HI, KL, and MN, are 
reMpedioebf 0, 1, 3, 6» 10, 15, 21, and the conrnum distance 
2 ; required the area, 

BY M1THQ|> I. 

21 
2)21 



10-5 

1 

3 

6 
10 
15 

45-5 
2 



91*0 the area, greater than the truth, 

BY METHOD II. 



3 1 

10 6 

— 15 
13 — 

2 22 

— 4 
26 — 



88 four times the sum of the even ord]nates« 
26 twice the sum of the odd or^inates. 

first ordinate. 
21 last ordinate. 



3)135 



45 

2 Common distance. 



90 the area, very near the troth. 
VOL. 1. o g EX- 



Ih 



{ ' ' : - f.: f * ' f \f 

:..-j ,J-I Jlj \A ,j-si jJM ,/^- ,p^* ... -^L^4i t«t^tiL - ^1 

A, 9C, DE. FO. nd HI, ore rapeciiedjf % fi ^$f tS; ad 
l6,mti tkir cmmm - iimum' 4i:imjmrtd lie area ef fir 



^4t 



fik 



7 

15 

4 



12 
24 






86 four tioies ihe ftiun of the emt i^nat^ 
24 twice the tarn of the odd ordim^ 
l6 tttin of the end. 



3)128 

42| . 

6 

256 the true area. 



»■ . 



t » 



There is another me&od for finding the areas of curvi* 
lineal spaces, besides what has already been shown, which is 
as follows : divide the sum of all the ordinates l^ the nunfiber 
of them, for a mean breadth, which is to be Multiplied by 
the length ^t the content ; but thia rule is. a very false one } 
it gives the avea by far too ^eat when the cunneis concave, 
and by far too small when it h convex, and^yill not give 
the true area in any case whatever, except the curve become 
a straight line ; in which case, all the other rules will coincide 
with it. But in order to show the falsity of this rule, suppose 
it were required to find the contents pf the same, figure, as in 
the last Example, then the sum of all the ordinates, viz. 
047+12+1 54.I6SS6O, their number is 5; and 50 divided 

by 



by 5f ii equal to 10: this being multiphed by the whole 
Veiigtb> y'a. 34, gives 240 iDstead of 256, the exact ftita of 
the curve found by the kit Example ; the difference of this 
Example being too small by •^ part of the true area, whicb 
IS very considerable. 



PROBLEM II. 

To find the superficial content of a mixed figure^ 
partly a curve, and partly right lined. 

Find the area of the curve part of the figure by the last 
Problem, by dividmg it into equidistant ordinates; divide 
the right-lined parts of the figure by ordinates drawn through 
every angle, which will divide the right-lined part of the 
figure into trapezoids and triangles ; find the area of each 
part, according to their respective rules; add the areas of 
all the parts together, and the sum will give the area of the 
whole figure. 

* 

EXAMPLE L 

Plate 54, Fig. 5, let ABKNORS be the figure proposed^ to 
find its area. 

As the end AB turns round :very perpendicular to the 
base AS, draw the ordinate CB-ih such a manner, as it may 
cut oflf the most perpendicular part of the curve AB at the 
end, and divide it by ordinates, which are respectively 1, 2, 
1^, I, 0, at the distance of 3 from each other; the p^art 
CBKL of the curvilineal space is also divided into four eQ.ual 
•parts, between the first and last ordinates BC, KL, by the 
ordinates ED, GF, HI, and LK, which are^ respectivdy^ 12, 
13, 12, 10, and 9, and their common distance 4; the other 
f .. i o g 2 parts 



psrtM of Hk^tgaemmtAtiiti ha^ iium toipuitiiii» KUfitp 
ICNOFf OPQB, sad Ae lriia|^ Ipl^ Jby MBaiAwlhM^ 
tfMi Mgtet It K, W, O, Md R$ Hm 1A0I6 %Bff» Mflg that 
fveparedy by ditUiBg it lato comliMil i p i c c i , tnuMwidi 
and a triani^ each part will be meanmd aoooidliig to Anr 
laipeetive ruki. Tbe measnnt or diawiiiioni are markad 
on dwir nipective placci on dM figurei tttt contrail^ mdk 
part is conqpntod MpanU^, m m dbovn in titit fc^owi^f 
upiratioQ* 
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M 


* - ■ 


8 


a 


> * 


3 


24 


4 


S 


1 . »» ' 


9 ■ . t< 


1 


10 


1^ 


3. 


.', 2S- ■ 


^)S5 


4 


.♦ • 


•^"** 


— 


'>b 


wl 


It 


» 


♦ . 


3 


S4 


•^ 


1 


12 


50 area of the tra- 


/ 


9 


perad KLMN 


»)l6 


— 




— - 


3)137 




H 






3 


45-6 




— r- 


4 




|/> ni^ii 


-^r aL^ 




part ABC. 182*£area 


of the part CBKL. 




16 13 


9)14 




13 14 


7 
7 


16 


2)«9 2)27 


182-6 


-^ -. 


— 


50 


14*5 13| 


49 area of the tri* 


43-5 


3 $ 


uigle QRS. 


«70 


_ — 




49-0 


43*5 area of 527 area 


of OPQR. 




MNOP. 





96i'l sum of the wtMt, or contents of the whole figare. 

PROBLEM 
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PROBLEM III. 

To measure any irregular figure, bounded wholly 

by right lines. 

Divide the whole figure into trapeziums and triangles, 
diyidc each trapezium into two triangles, by means of dia- 
gonals from the other angles, let fall perpendiculars to the 
diagonals ; then to find the area of any of the trapeziums, 
multiply the half sum of the two perpendiculars in that tra^ 
pesiujn by its diagonal ; find the area or content of all the 
trapeziums in this manner, and of the triangles, if any; add 
their several areas together, and the sum will give the area 
of the whole figure* 

EXAMPLE. 

Flatt 54, Fig. 6, Ut ABCDEFG ht ike Jigure prop&sed^ 
wkick is divided into two trapeziunu ABFG, BCEF, and a 
triangle CDE; ike diagonal EG of ike trapezium ABFG is 
l6, and tie two perpendiculars AH.and IF are respective^ 4 
and 8; tke diagonal BE of tke trapezium BCEF is 10, and 
ike perpendiculars KF and CL are respectively 14 and 6; ike 
hose CE of ike triangle CDE is S, and Us perpendicular 5, 
npured tke area of tke wkolefgure ABCDEFG. 



4 


14 


5 


8 


6 


8 


12 


2)20 


2)40 


6 


10 


20 


16 


10 





96 100 

Then 96, the area of the trapezium ABFG. 
100, the area of the trapezium BCDF. 
20, the area of the triangle FDE. 

And 2i6, the area of the whole figure ABCDEFG. 

PROBLEM 



M^ 
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PROBLEM IV. 



To find the solidity of a solid^ by means of 
equidistant sections or planes. 

• 

Dhride tiie length of die solid into any even ntimberof 
equal parts ; find the area of all the parallel secrions passing 
dirough these parts perpendicurar to the axis of the solid'; 
then to four times the sura of the- areas of 9k\ the eren 
phmes, add twice the sum of the areas of all the odd planes, 
except the first and last, and the areas of the twa ends ; di« 
vide the sum by 3« multiply the quotient by the common 
distance, and the product will give the solidity. 

N. B. If the sections are circular, the rule may be as 
follows : to four times the area of the even planes, add twice 
the sum of the areas of the odd planes, excepting the first 
and last, and the sum of thu areas of the ends, or the first 
and last planes; then multiply the sum by "2618 zz. '^j**, 
and that product by the common distance, and it will give 
the solidity sought. 



SCHOLIUM. 

This Problem is accurately true for parabolic curves, or 
solids, generated from the revolution of conic sections, or 
right lines. For all kinds of pyramids, or frustums of py- 
ramids, or any other kind of areas and solidities, it is a very 
near approximation. 

It is evident, that the greater the number of ordinatcs 
or sections are used, the more accurate will the area or 

solidity 
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folidity be determined : but in practice a few sections will be 
found sufficient to answer tlie purpose. This is the best 
method that possibly can be dt^vised for the practice of 
guaging, or for measuring curved timber trees, or the like 
unequally thick; or any kind of curved solids whatever, 
generated about an axis; for when all other methods fail, 
this is the only one that can be depended upon for its 
accuracy. 



or 



MEASURING TIMBER. 



PROBLEM I. 
To measure timber scantling. 

Fiiid the area at cither end, and multiply it %y the 
length, Mill give the solidity. 

EXAMPLE I. 

♦ 

l$tq^pote m joist u 4in. :6y 9in. and &&. Umg^ wkoi k m 

in. 

4 

9 

3i Oil 

8 

_— ♦ 

2 feet, the solidity. ..> 

EX^ 
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EXAMPLE U. 



What it ike tolidit^ of a joist SiiD. 6jf 9in. mid lOf. loKg f 



m • • 

1. lU 

3 6 
9i. 



2i. 7ii* fiii^* 
10 



feet 2 2 3 Oiii. 

PROBLEM II. 

To measure timber trees, or unsquared timber, 

equally thick, 

METHOD U 

Multiply the square of | of the trees compass for the side 
of a square equal in area to the end of the tree, by the 
length of the tree, and the product will give the solidity. 

This method, though easy in practice, is very erroneous in 
principle, as the content by this rule is too small by above- 
one fourth of itself. 

The true rules for measuring round timber, have been 
already given for measuring a cylinder : but if this rule 
should be thought troublesome, the following is a method 
which will come very near the truth, and nearly as expe- 
ditious in practice as the above method, and therefore may 
be esteemed true. 

METHOD II. 

Multiply the square of |- of the trees compass by the 
length of the tree, and double the product will be the 
content. 

MEN- 
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MENSURATION 



OP 



ARTIFICERS' WORKS, 

i 
COHCimVZD XV 

BUILDING. 



The Artificer^ Works which are treated on 
herCy are Bricklayers^ Carpenters^ Joiners^ 
MasonSy Glaziers^ PainterSy PaviorSy 
Plasterers, PlumberSy and Slaters. 

Artificers compute the quantity, or contents of their work, 
by several different measures, as Glazing and Masonry, by 
the foot; Painting, Plastering, Paving, 6:c. by the yard, of 
3 feet square, or 9 square feet. 

Bricklayers compute the quantity of their work by a rod 
of 16} feet square, or 2721 square feet, at one brick and a 
half thick, which Bricklayers call the standard thickness; 
A rod of 5| yards square, that is, 30| square yards, at l| 
brick thick ; but although 27 2 1 is a rod of brick work, yet 
the i is always omitted by measurers, and therefore 272 
square feet is commonly called a rod of brick work. 

All works, whether superficial or solid, are computed by 
the rules proper for the figure of them. 
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The most common instruments for taking the measures 
are, a five feet rod, divided into feet, and quarters of a 
foot; and a rule, either divided into inches, or 12 parts, 
and each 12th part into 12 others: a fractional part be- 
yond this division, Measurers seldom, or never, take any 
account of. 

When the dimensions are taken, by a rule divided in this 
manner, the best methods to square the dimensions will then 
be by duiodecimals, by the rule of practice, or by the mul- 
tiplication of vulgar fractions: but, in my opinion, the best 
method of taking dimensions is with a rule, when each foot 
is divided into ten parts, and each part into ten other parts, 
or seconds, because the dimensions may be then squared by 
the rules of multiplication of decimals, which i» by far the 
shortest and readiest method. Those who contend that* duo- 
decimals, or cross multiplication, is the easiest method of 
squaring dimensions, as well as the most exact, are very 
much mistaken in their assertion ; for if the dimensions are 
taken in duodociinals, and rotlucod to decimals, and then 
squared, the operation, in this case, will be much longer 
than if it had been done by decimals, and sometimes not so 
exact: but if the dimensions are taken in feet, lOths, &c. 
the operation will not only be easier and shorter, but in 
many cases will be much more exact than duodecimals. 
The reason is obvious to those who consider, that th(Te are 
many cases in which it will be impossible to express, truly, 
a decimal scale etjual to a duodecimal one ; neither will it, 
in many cases, be possible to express accurately a duode- 
cimal scale equal to a decimal one ; duodecimals have the 
same property witli regard to 12th parts, as decimals have to 
10th parts; therefore, in many cases, duodecimals will 
sometimes circulate and run on, ad infinitum , when reduced 
frcun decimal*?, as decimals will, when reduced from duo- 
decimals : and farther, since duodecimals are expressed by a 

seiiis 
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series of ISlh parts, and decimals by a series of 10th parts, 
in multiplying each of the parts of the former, the trouble 
of dividing by 12 will then be imavoidable, and more bur- 
densome to the mind than if the operation had been done 
by the latter, where there is no such division to be made, but 
merely to multiply, as in common multiplication, and point 
off the decimal places in the product 

This last method I shall always prefer, being the most na* 
turalf as well as the most easy of the two. 



OP 



BRICKLAYERS* WORK. 



PROBLEM L 

To find the number of rods contained in a 

piece of brick work. 

AIETHOD I. 

If the wall is at the standard thickness, that is, one brick 
and a half thick, divide the area, or superficial content, by 
272, and the quotient, if any, will be the answer in rods ; 
and the remainder, if any, in feet: but if the wall is more 
or less than one brick and a half in thickness, multiply the 
lareaof the wall by thenumber of half bricks contatinod in 
its thickness ; divide the product by 3, and the wall -will be 
leduced to the standard thickness of a brick and a half in 
thickness; then divide the quotient by 272y and the last 
quotient will be the number of rods of brick work required. 

JI h 3 MXTUOD 
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METHOD II. 

Multiply the length of the wall by its breadth, and the 
product by its thickness; that is, to find the solidity of the 
wall: then multiply the sulidity by 8, and divide the product 
by 9, and the quotient will be reduced to the standard thick- 
ness of one brick and a half in thickness ; then divide by 
272, as before, and the answer will be the number of rods 
contained in the brick work. 

EXAMPLE I. 

How many rods are there in a koU 62l(L iong^ 14ft. Sin. 
hlg/i^ and 2\ bricks thick? 

f. i. 
62 6 
U 8i 



41 8 

875 



916 8 

.5 number of half bricks in thickness. 



3)4.583 4 
itls. ft. in. ii. 

272)1327 9 4(5 167 9 4 
1360 



167 



In a pitce of brick work, of the aforcsuid dimensions, 
there are 5 rods, 167 feet, 9 inches, and 4 seconds; but in 
iinding the number of rods in a piece of brick work, neither 
inches nor si'conds need be taken any account of, as such an 
addition is so very tripling. 



EX- 
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EXAMPLE II. 

A triangular gMe end is raised to the height of l5ft. abaoe 
the end wall of a house ^ whose xoidth if 45ft. and the thickness 
of the wall is 2i bricks, required the content at the standard 
measure. 

This figure being a triangle, its contents must be found 

according to the rules of measuring that kind of figure; then 

Ac o)>cration will be as follows : 

45 width of the house, or base of the triangle. 
15 height of the gable, or of the triangle. 

225 
45 

2)675 



337*5 area of the gable, or of the triangli' 
5 number of hulf bricks in thickness. 



3}l687'5 

rds. ft. 

272)562*5(2 18 the answer. 
544 



18 



PROBLEM IL 

To find the quantity of materials for building 

any wall in brick work. 

Take the dimensions of a building, by measuring half 
round the outside, and half round the inside, for the whole 
length of the wall; that being multiplied by the height, 
will give the area, and proceed as before to find the num- 
ber of rods or feet reduced to the standard thickness; out of 
this must be deducted the number of rods or feet, reduced 
to the same thick ness as before, that would be contained in 
gll the vacuities, such as doors, windows, window backs, 

chimnies, 



^S IIEK6U RATION. 

chimnies, &c. or any otiier open-spaee in tho wall, and the 
remainder will give the true quantity of rods. 

Now the quantity of materials that are generally allowed 
to a rod of brick work, is 4500 bricks, one hundred and a 
quarter of lime, and two loads and a half of sand ; thens 
fore, if the nambcr of rods or feet are multiplied by 4500, 
the product will be the nunlber of bricks to a rod of brick 
woik; or if the number of rods, feet, &c. arc multiplied 
by 1^ hundred weight of lime, will give the quantity of 
liine; and also if the number of rods are multiplied by 2{ 
loads of sandy will give the quantity of sand. 



EXAMPLE I. 

Plate 55, Fig. 1 and 2, ict ABCD be the plan or Aori- 
zontal siction of the carcase of any story m m hnUmg, the 
length of the front on the outside is 41ft. 6in.; the kngjtk of 
the end on the inside is 25ft. ; the heighi of the wall or story 
is 15ft. and 2 bricks thick ; in this story are 7 tehuknrSy whose 
xacuities on the otUside are 8ft. high, 3ft. 6in. tvidcj and 1 
brick thick ; the I'ocuUy in the inside is 4ft. 3in. twrff, by lift. 
kighf and 1 brick thick ; there is also a door 4ft. Gin. widcj by 
1 1 fr. high, and 2 chinmics; the breast rjf each project from the 
face of the wall It't. tfin. ; the breadth of the breast is 8ft,, the 
height is 1 5 ft. or the height of^ the story; the width of the 
chimney is 3i\, 6in. by 4ft. high ; and its depth, from the 
f-ont to the hack, is 3 bricks ; required the number of bricks, 
and the quantity of sand and lime to build the said tcall. 

3 6 
S 



28 area of the vacuity of 1 window on the outside, 
7 at 1 brick thick. 



196 area of the vacuities for 7 windows on the outside, 

at 1 brick thick. 

Cow- 
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Continued. 

4 S 
11 

46 9 area of the vacuitic$ of. 1 window Id the inside, at I 
7 brick^ thick. 



3127 3 area of the. vacuity in the insidebforj windows, at 

1 brick thick. 

4 6 • 

11 



49 6 area of the vacuity of the door, at 2 bricks thick. 
2 



Sg area of the vacuity of the door^ at 1 brick thick. 
3 6 

4 a 



14 area of the vacuity of 1 chimney, within the face 
2 of the wall, at 1 brick thick. 



28 area of the vacuities of the 2 chimnies within the 
99 face of the wall, at 1 brick thick. 

327 3 

196 



650 3 area of all the vacuities, at 1 brick thicks included 

in the thickness of the wall. 

3 6 

4 



14 area of one of the vacuities of the chimney, included 
within the thickness of the breast, at 1 brick 
thick. 

15 
8 



120 area of one breast, at 2 bricks thick, as if it were solid, 
14 deduct the area of the vacuity, at the same thickness. 

106 true area of one bieast, at 2 bricks thick. 
2 



12 true area of the two breasts, at 2 bricks thick. 

Con- 
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CoHtinued* 



41 6 length of the front on the outside. 
2a O length of the end in the inside. 



66 6 half the length of the wall. 
2 



135 whole length of the wall. 
15 



665 
133 

1995 area of the wall, at 2 hricks thick, 
add 212 the true area of the two breasts, at 2 bricks thick* 



2207 area of the whole, at 2 bricks thick, 
2 



4414 area of the whole, at 1 brick thick, 
deduct 650 the areas of the vacuities, at 1 brick thick. 



3764f true area of the whole, at 1 brick thick. 



3)7528 true area of the whole, at J a brick thick. 

rds. ft. 

272)2509 4(9 61 reduced to the standard thickness. 
2448 



61 

rds. ft. 
Then 9 61 X 4500 = 41509 the number of bricks. 

And 9 61 X 1 J := 11 J hundred weights of lime nearly* 
Also 9 61 X 2| s= 23 loads of sand nearly. 



EX- 
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EXAMPLE 11. 

flaie 55, Fig. 3. Let FFGH be a wall of brick XDork, or the 
back of a home ; to be built aver a public road or valley HUG ; 
the under part ff the wall m built from the foundation HLG, up 
to the level at IK, 3 bricks thick, and from IK, to the tap EF, 
parallel to it, 2} bricks thick, to the htight of 1 5ft. having 
5 vomdawB in it ; the vacuities on the outride of each uindora 
art 8ft. bji 4fc. and half a brick thick ; the vacuities in the 
inside are Sft. by 4ft. pin. 2 bricks thick ; the recess in the 
inside for the finishing of the backs in each window, is 1 brick 
and i thick, the height 2ft. 6'in. from the top of the floor to 
the sill of the window; the- width is the width of the vacuity 
in the inside of the window, that is, 4ft. 9in. There is an arched 
way underneath for carriages, or the like, to pass through, 
whose opening is 12ft. and its height from the level of the pave-^ 
ment to the crown or top of the arch is 1 1ft. and the height, 
from the pavement to the springing of the arch, is 9ft. ; the 
under v^ll is divided into an even number of equidistant spaces, 
whose ordinates are respectively as foUo-xs: 6ft. 10ft. J Sft. 14ft. 
10ft. 4ft. 6in. and 1ft. ; the whole length of the buiUtng is 
50rt. : required the number of bricks, and the quantity of sand 
and lime to build the said wall. 

EXPLANATION. 

The under part of the building being an irregular figure^ 
it is measured according to Method II. p. 213 ; but instead 
of multiplying by the common distance, it is multiplied by 
the length of the building, and the product divided by the 
number of spaces, Mrhich amounts to the same thing : the 
upper part is found, as in the foregoing examples. The 
rule for measuring the arched way, or any other arched 
window or doors whatever, may be as follows : to twice the 
height of the window or door, taken from the CfowA of the 

TOL. I. I i arcb 
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arch to the sill or bottom, add the height from the bottott 
or silly to the springing of the arch; multiply the sum by 
the width of the window or door, and one third of the pro* 
4act will be the area near enough for practice: but if 
greater accuracy is required, add the cube of the altitude, 
divided by twice the width of the arch,^oor, 9r window, &c* 
to the area found as before, and it will give the content 

• 

exceedingly near the truth. The windows are m^asure^ 
by finding the area of the outside vacuity, and the akea of 
the inside vacuity ; and as the back of the windows, from 
the sill of the floor, is generally built half a brick le» from 
the inside, than the upper vacuity on the same side, in order 
to support the bottom of the sash frame, the area of that 
part or vacuity is also to be found; multiply each respective 
area by the number of half bricks it is in^ thickness ; then 
deduct all the vacuities at half a brick thick from the area 
of the whole found as if it were solid, at half a brick thick, 
as before ; the remainder being divided by 3, will reduce it 
to the standard thickness of 1 brick and }. 

10 J3 

U 10 

4 6 — 

— 23 



28 C 2 

4 — 

46 



114 four times the sum of the even ordiiiatss* 
add 46 twice the sum of the odd ordinatcs. 



3)1 60 



53 4 
50 

6)2666 8 

444 5 area of the under part of the wall, 3 bricks thick. 
6 number of half bricks. 



2666 6 area of the under part of the wall, | a brick thick. 

Cow- 
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Continued. 



15 height of the upper part of the wall. 
50 length. 



750 area of the upper part of the wall^ 2} bricks thick* 
5 number of half bricks. 



3750 area of ditto, | a brick thick* 

8 
4 

32 area of the vacuity on the outside, | a brick thick. 
5 number of windows. 



l60 area of the vacuities on the outside of five wiodowt, 
I a brick thick. 

8 4 
4 9 



33 4 
6 3 

- [bricks thick. 

$9 7 area of the vacuity of the inside for 1 window, 2 
5 number of windows. 



197 11 area of the vacuities for five windows in the inside. 
4 half bricks thick. 



791 8 area of the vacuities on the inside, | a brick thick. 

4 9 

2 6 

71 

2 4 6 

11 10 6 area of the vacui^ of the receu under each 

5 window, 1 brick and a ) thick. 
— — [brick and a half thick* 

59 4 6 area of the vacuities of the 5 window backs, I 

3 number of half bricks. 



178 1 6 area of the vacuities of the 5 window backs, | a 

brick thick. 

I i 2 Con. 



'ti. . 



t44 mmwvmA'nfm^ 



kui^ 






11 bright of the arch-way, from the psmKeat ^td the 
« . . ci:owii. 

lidd ' 9 hei^t from the p«xeiiieiit ^ the^iingjing of the^lu 

' " * ♦ • -1 -'' ■ 'j , * 

10 widdi of the arch«waj. 



sy^iQ 



t * 






103 4«ieaoftheiraim]tyoftiieifdi»wqrfSbfi^diic^ 
6 iHimber <tf i kricki thMu 



■'■* ,.i 



(SO aiea of the ?aciuty of the aicii* way, |> b||^ 

ifio ' 

178 1 • 



1749 9 a^tis <^f ^ the Tactlifleiy | a hitck thictr. 

2666 6 
3750 



6^1 6 6 area of the whole, } a brick thick, as If solid, 
deduct 1749 9 



3)4666 9 true area of the whole, } a brick thick. 

rds. ft. 

27^)1555 7 (5 195 reduced to the standard thickness. 
1360 



195 
Then 5 195 X 4500 :;= 2^726 number of bricks, nearly. 
5 195 X 11=7 hundred weight of lime, nearly. 
jf 195 X 2| ;;? 14 loads of sand^ nearly. 

I shall. 
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I shally in the following Examples, shew the manner of 
finding the areas of windows, angle chimnies, and the dif* 
ferent stories of a building. 



PROBLEM III. 



To measure the vacuity of a window. 



Find the area of the outside of the window, and multiply 
that by the number of half bricks thick, from the face of 
the sash frame on the outside, to the face of the wall of the 
same side, to the area so found, at half a brick thick ; add 
the area of the inside vacuity multiplied by the number of 
half bricks thick, from the face of the sash frame on the 
outside, to the face of the brick work within the building: 
also/ add the area of the vacuity of the recess, the height 
being taken from the bottom of the sash frame to the floor, 
and its width the same as the inside vacuity above ; multiply 
this also by the number of half bricks thick, then the sum 
of these will be the whole vacuity, or void space in the 
whole window, at half a brick thick; and if required to 
be reduced to the standard, divide the area so found by 3, 
and the area of the contents will be reduced to 1 brick and 
a I thick. 



£X< 



I 

\ 



u4 luuMvmAnovi 



EXAMPLE I. 

* 

Leil^.S, Pbii9S6» he ike pbm cr kormtM miim ef m 
Kg. 1, #ie efaMtfiM Of woM eppe$r wUkm ike MU- 
M(f. Kff. fit « verOeel eectitm iknmgk He miilk ef ike deom^ 
»mef iUwmlmi a^hfiffiitefiU 
Ueiretiik^mik^uMekiUckiik keigki efikemaUk 
wtKmig ft 8fL mdUekreeAk 4ft. Shu omI i hridteUtkik^ m 
qfpemmtjf ike pimmiieeeiiems ike reeeeiie fft^A^A, 
4ft. Sin. wUkf mid keif a hrkk ikUk^ wUA ie ebe mmrtei 



4 » 



t iMii^t of Ae (NHride Ttatity* 
4 width of Uui o«lndo laeiiily^ 



diMct 



.. t 



4 9 widtk i»r the in^de Vacui^, 
» licil^ef ditta. 



38 

4 number of half bricks. 



132 «rea of the inside vacuity, ) a brick thick* 

4 9 width of the inside vacuity. 

8 9 height of the recess from the floor to the side of tho 
— — sash« 

9 6 

3 6 9 



13 9 area at 1 brick and a \ thick. 
3 



S9 2 3 area of the recess^ } a brick thick. 
32 
152 



223 2 3 area of the whole vacuity, | a brick thick* 

PROBLEM 



>. II I t«m tmaBMiiMaiaMii 
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PROBLEM IV. 

To measure any angle chimney, standing equally 
distant each way from the angle of the room. 

Plate 58, Fig. 4. Multiply the breadth AB by ihm 
height of the story, and the product by the number of half 
bricks contained in the half breadth AB, and you will have 
the solidity at half a brick thick, by deducting the vacuity or 
opening of the chimney. 

PROBLEM V. 

To measure an angle chimney, when the plane 
of its breast intersects the two sides of tlie 
room unequally distant from the angle. 

Fig. 5. From the points A and B, where the plane of the 
breast intersects the sides of the room» draw two linea^ 
A£, £B, parallel to the two sides of the room; then mul* 
tiply either of the lines AE or £B, suppose £B, by the 
height of the room, and multiply that product by the num- 
ber of half bricks contained in the other line A£, and deduct 
the vacuity as before, and the remainder will be the con« 
tent, at half a brick thick. 

PROBLEM VL 

To measure an angle chimney, when the plane 
of the breast projects out from each wall^ 
and unequally distant from the angle of the 
room. 

Draw the two lines GF and FH parallel to the two sides 
of the room, as before ; then multiply the breadth FH by 

the 
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the height of the story, and the product contained in the 
half of the other side TG ; from this deduct FD, multiplied 
by the height of the story, and by the number of htlf 
bricks contained in the half of FC, and also the vacuity of 
the chimney. 



PROBLEM VII. 

To measure the whole carcase of a building, 
consisting of different stories. 

1. Fig. 6. First begin with the foundation, which in 
general consists of three or more courses of brick, projecting 
equally each way over one another, according to the weigbt 
of the building above, and the solidity of the ground under- 
neath. The method of measuring this may be as follows: 

2. Multiply the whole length of the foundation by the 
height of the coupes, and the product by the number of 
half bricks contained in the half sum of the breadths of the 
top and bottom courses, and the last product will give the 
solidity. 

3. Proceed and measure every story separately, as if solid, 
and reduce each solidity to the thickness of half a brick. 

4. Add the solidities so found in all the dilTerent stories 
together. 

5. Find the solidities of all the vacuities in the building, 
except the funnels of chimnies, at half a brick thick. 

6. Deduct the solidities that would be contained in all the 
vacuities, from the solidity of the whole, and the remainder 
will be the true solidity at half a brick thick. 

7. Divide the remainder by 3, and it will be reduced to a 
brick and a half. 

8. Divide the solidity found, at a brick and a half thick, 
by 272, and the quotient will be the number of rods in th« 
whole building. 

CAR- 
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H 



J 




^ 



\ 




1^ Fiy.3, 





nnnunATxoir/ 



d49 



carpenter!^' & jotNi&iy work. 
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By CtrpeKten work, is memid the measuniig* of grmaed 
centra^ floors, partitionsi toois^ &c« 



it 



PROBLEM I. 
To measure the ccDtering of a cyliatfrical tkv/lti 



M 



Multiply the length of the Vault in teetilSy^'ll^ xi!^m« 
ference of the arch, for the breadth, and divide the product 
by 100; if it is greater than the same, the quotient will ^« 
the number of squares and fe^t^ 



. ■ I 



.ii ' '. 



• I 



EXAMPLE t. 



• . J f » 



' '< < < . I 



)fi 



(• 






How manff squares (f emdering art there h a umiif whose 
length is 1 Sft. 6in. and the circm^erence 3 lfL,6in. ? 



'./I' 

By dtiodecimals. 

ft. in. 
^1 6 
18 6 



; »<i'" 



By Vulgp^ inlctioniu By decunals^ 



• I 



. A 



848 
310 

15 6 
3 



• ■ 1 



5,82 9, 
•r 5 squares 82 feet« 



18| 

9 
248 



Sl-5 
'18*5 '■'" 

1575 
^520 
315 

t. I. 11 I 

6,8275 
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PROB< 



■ I 



7 -ji?»f>»^¥ ifta-i .: ;q.«/..^; 



- 1 • « . 



To meanre naked floo^^ whether for materialft 

or workmanship^ 

If tlwie are mj nmnlier of piecei of tiinber i^ {he tame 
iranrlwniaiMilnnftihi finrt llAiiQlUitjriiE^,ca»«£lUh. taid 
tint Mlidity aultipUcd l(rJiiUmi(K oTilbfBt w^l^^ 
solidity of the whole. 

If diera lit any namber of piccce of Ae laae icaiidiiig^ 

(ether, and multiply the sum by the area of the end of one 
^illi^V«ffr^^.BroftM 4riUi|iie ihk 8tili#ty'io£the 

»vi;i lit- Jaoi)c:iji jjI* t*'^J 4 ^t «£''! * '- "*• '-^ • V- 

If then are any number ofjfimt 6f'lftftfent'iifanflirig% 

bot of the tame lengthy find the areat of the endt of all the 
pieces, and the turn or thet^ Al^ailteing multiplied by the 
common length, will give the tolidity of the whole number. 

If there should *W any nuniDor of pieces of one scantling, 
equal amoi^ themsclv^^ and ap^ o^er number of pieces 
of another scantling, equal among themselvet, all of the 
tame length; multiply the a]rca of the ends of each, by the 
numbjcrpf them that are of the same scantling,' add these 
prod ueU' together, and Iheir sum being multiplied' by the 
comifed&)pgth, will give the solidity. 

But if the lengths vary, as'well as the scantlings, find the 
solidity df each piece scpa^^ly, and the sum will give the 
tolidity of the whole. * ''.>-' 
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Note. Wherever a tenant is made, the length of the piece 
must be taken from the ends of the tenants, and not from 
the shoulders. 

If die floors are fixed in the building, the distance th« 
timber goes into the wall, which is about •J- of the thickness- 
of the wall, must be added to the length of their respective 
pieces that ^re clear of the walls. 

Before i proceed to give an ei^mple in measuring a floor, 
it will be proper to explain the several pieces of tM&ber that 
constitute the same. 



EXPLANATION OF THE TIMBER IN A FLOOR. 

Let Plate 57> Fig, 1, be the plan of a naked floor, Fig. 2 
and 5 are sections each way ; the girder is marked -A, and 
the section of its end is marked a in Fig. 3;* the binding 
joists arc marked B, B, 3, B, &c. the sides are marked ^, ^, 
in Fig. 3 ; the ends are marked 6, 6, 6, 6, in Fig. 2 ; the 
bridging joists are ^narked C, C, C, &c; in the plan at Fig. 1, 
' the ends are marked c, c, c, &c. at Fig. 3, and the side is 
marked c at Fig. ^ ; the ceiling joists do not appear on the 
plan at Fig. 1, because of the bridging joists appearing be- 
fore them ; the ends are marked e, f , e, at Fig. 3, and th^ 
sides are marked f, f, e, &c. at Fig. St. 



i; 
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EXAMPLE. 



Lei Fig. If Plate 67, bedke plan of ajioor^ as hefort; 
fose the girder f marked A, to be \(L broody 1ft 2in. deep, and 
soft, long ; there it 8 bridging joists marked C, C, C> ^c. 
whose scantlings are 3in. 5y 6iiii. and 20ft. 2ofi^, that is of the 
same length xviih the girder; there is also 8 binding jmsts^ 
whose lengths are 9ft. and their seantUngs are 8) in. by 4iQ. ; 
the cieUng joists are 24 in number^ each 6ft. long, 4in. 6jr 
S|in. ; required the solidity of the whole^ eitherfhr materials or 
worhnanshf* 



I 2 
1 



1 2 area of the end of die girder. 



1. u 

6 6 
3 



J 7 6iii area of the end of a bridging joist. 
8 number of bridging joists. 



1 1 Oii Oiii 
add 1 2 the area of the end of the girder. 

■ [bridging joists. 

2f. 3in sirm of the areas of the ends of the girder and 
20 common length. 



45f. the solidity of the girder and bridging joists. 

I. 11. 

8 6 depth. 
4 thick. 



2i lOii Oiii 

9 



2f. I 6 solidity of a binding joist. 
8 



17f. solidity of all the binding joists. 



Con- 
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t 1 



Contimicd. 



2 6ii 
4i 



lOii Oiii area of the end of a ceiling joist. 



5i solidity of a ceiling joist* 
24 number of ceiling joists. 



10 solidity of aU the ceiling jcHSts. 
17 
4S 



72 sum of all the solidities in the whole floor. 



PROBLEM in. 

To measure roofing or partitions, either for 
materiab or workmanship. 

All timbers in a roof or partition, are measured in the 
same manner as floors, excepting king-posts, queen-posts^ 
&c. when there is a necessity of cutting out parallel pieces 
of wood from their sides, in order that the ends of the braces 
that come against them, may have, what is called by work* 
men, a square butment. To measure the workmanship of 
such pieces, or posts, take their breadth and depth at the 
widest part, and that multiplied by the length, will be the 
solidity fur workmanship. To find the quantity of mate* 
rials, if the pieces sawn out are 2} inches thick, or more, 
they aie esteemed pieces of timber fit for use; when more 
than 2 feet kmg, their lengths should not be esteemed so 
long by 5 or 6 inches, because the saw cannot enter the wood 
with much less waste^ and consequently the pieces must be 

deducted 



k 
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deducted from the whole solidity, and the remainder will 
gjiiFe the quantity of materials : but if the pieces cut out are 
less than 2} inches, then the whole post is measured as solid 
lor the materials, because the pieces cut out are but little use. 

EXAMPLE. 

Plate 57, Ftg. 4, let the tk-heam D he 36ft kmg, jKn. 
mCr, Inf 1ft Sin. deep\ the kmg-pattj marked A, is IJft <in« 
Ugk^ 1ft. Inroad at the bottom, by 5in. thick: md qf tku art 
mtm two pieces from ike 'sidet, 3in. thick, aad^h^ long; the 
tracety marked B, B, are 7ft 6in. longy Bin. by 5in.; tke 
Ttfiertf marked D, D, are 19ft. ^tm^, lOin. by bin. eack; tke 
itrwtty markedCfCy are 3ft 6in. Umg^ and tin. by Sin; re* 
pared tke mauaremaUfor workmamhip^ and alto for materials, 

1 2i 

9i 



10 6 
3 



31 6 solidity of the tie beam. 



5i 
5i 



2 lii 
15 lengths of the 2 braces added together. 



2f. 7 
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5i 
lOi 
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Si 
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8 


4ii 


12 


6 





13f. 2 4iii solidity of both raftbn. 
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4 9 6 iolidily of the kn^-poit, •§ i£ aotidi 

3i ■ . . , , , 

si • 

li sii.: • -. M . . ■■ TM-v / 

Tm;..!:-. .i: . .. ... 1... ■ 

tf 9u iolidity of die tWD juiecte cnt fibia Oe'ddflf. 
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lli 8ii tolidity of tbe ttijB^, 

* 

. 1. u. 
31 6 10 tie beam. 
2 7 3 braces. 
15 S 4 rafters. 
4 9 6 bixige posC 

II 8 solidity of the struta; 

53 O 9 soUdity of the roof for woifanaiiship. 
3 9 



62 4 solidity for materials. 



I shall here finish Carpenters and JoinersT work, by shew- 
ing several other customs in measuring sumiry article* not 
spoken of in this treatise. 

1. Ill 



Iff Mnmjt^iwnb' 

1. In boarded flooring, yon mint take your Smmiom. 
Id the very extreme paro^^iiid'^froin thence compute the 
•qaant» out of which yon mint make dednctioot for itair- 
chimniet, &c« "* 



tm Weather-boarding it done b/ the yard square, and 
eometimcs by the square, contuning 100* sunerfidal feet. 



Jt>ifciaiaei pm^ljmm aw mfaaartidhtf tl^ syawy out of 

which you mutt deduct the doon and windows contained 

dMiein, except they are agreed to be included,;;' 

It. 

4. Windows are generdly made and valutoi l$i die iboC^ 
superficial measure, and sometimes by the window. Whett 

inches, from the under side of the siU to the upper side of 
the top rail, for the hei^t; and for tho hnj^th, from out- 
side to outside of the jambs; and the produdoof these is tho 
superficial content. 

I" 

5. Stair-cases are measured by the foot superficial, and 

the dimensions are taken- with a string, girt dfir the riser and 
tread ; and that length or girt, multiplied by the length of 
the step, will produce the iluj^erficial content. 

6. The rail is taken at so mUch per foot fun, s^cording to 
the diameter of the wcU-holc; which price will be greater 
when the well-hole is less. Architrave stHng boards, by tho 
foot superficial. Brackets and strings, at per piece, accord* 
ing to the worlunanship of thenu 

?• Door-cases are measured by the foot superficial, and 
the dimensions must be taken with a string, girt round 
the architrave and inside of the jambs, for the breadth; 
and for the length, add the length of the two jambs 
to the length of the cap-piece, taking the breadth 

lif 
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of the opening for the length, and the product is the 8U« 
perficial content* 

s 

8. Frame doors are measured by the foot, or sometimes by 
the yard square, containing nine square feet, and are valued 
at so much per foot, according to the workmanship. 

9. Note. The same is to be said in regard to the mea* 
suring and valuing window-shutters, as of doors. 

10. Modillion comishes, coves, &c. are generally mea- 
sured and valued by the foot superficial. Their dimensions, 
in respect to the breadth, are taken with a string, girt into 
the mouldings, and those dimensions multiplied by the 
length, is the superficial content. 

11. Wainscoting is a work generally done by Joiners, anj 
is measured by the yard square, and their dimensions B16 
taken by feet and inches. Thus they girt down every mould- 
ing with a string, contained between Uie floor and ceilinfr for 
the height, and the circumference of the room ft^r the 
length, deducting the doors, windows, and chimney. The 
seats of windows, if any, cheeks, soffits, linings, Sec are 
all to be taken by themselves. 

12. Frontispieces arc measured and valued. by the foot 
superficial, and every part measured separately, vis, the ar- 
chitrave, frieae, and eomish, each of ihfcm by themselves ; 
and lastly, add all the several measurements together, and 
the product is the content of the whole. 

Note. In taking the dimensions, you must girt the mould- 
ings .with a string. 
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MASONS' WORK. 



' Masons' work is measured by foot measure, either lineal, 
square, or cubical. The principal thing to be observe^ here 
is, that they girt all their mouldings as Joiners do, and take 
their dimensions fn feet, inches, and parts. 

The solids are blocks of stone, marble, or any kind of 
stone, columos, comishes, &c. The superficies are pave- 
ments, slabs, chimney-pieccsy and the like. It is to be ob- 
served, that Masons first measure the cube of the stone, and 
then the superficial plain work; also superficial moulded 
work, if any, as follows: 

They account all such stones as arc above 2 inches thick, 
at so much p^T foot solid measure; and for the workmanship 
they measure the superficies of the stone; but then they mea- 
uurc no wiore of the stone than what appears without the wall 



PLASTERERS' WORK. 



Keugii-casting, plasloring ceilings, ^c, arc doiie by ih^ 
yard iqiiuiv, and Uie dimensions taken in feet and inches. 



The 
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The principal thingi to be observed in measuring df wbich, 
are as follows : 

I 

1. To make deductions for chimnies, windows, and doors. 

I ' ' 

2. To make deductions for rendering upon brick-work, for 

doors and windows. 

3. If the workmen find materiak for rendering between 
quarters, you must deduct one fifth for quarters ^ but if 
workmanship only is found, you must measure the whole 
as whole work, for the workman could have performed the 
whole much sooner, if there had been no quarters. 

4. That such summers and girders as lie below a ceiling b^ 
deducted, if the workman find materials ; otherwise not. 

m 

5. All mouldings in plaster work, are done by the foot 
superficial! as Joiners do, by girting over the mouldings \uth 
aline. 



GLAZIERS' WORK. 



Glaziers' work is measured by the superficial foot, and 
the dimensions are taken in feet, inches, and parts, or by 
feet, and the hundred parts of a foot, as their rules are ge* 
nerally divided in decimal parts; and consequently their 
dimensions are squared according to the rules of decimals. 

Ll 2 To 
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Tj^ BMBSUie circular or oval ^vitidowsy taka the same 
length and breadth as their- diameters, as if they had been 
square windows; because in cutting out the squares of glass, 
there is great waste, and more time expended, than if they 
had been square windows. 



PAINTERS* WORK. 



Painters' work is measured the same as Joiners' work, by 
the yard square, (See p. 257*) and they also measure all 
edges, &c. where the brush goes. 

1. Sash-frames, sash-lights, window-lights, and casements^ 
are done at per piece. 

2. Modillion, and other outside comishes, at per (oot^ 
running. 



GROINS. 



DEFINITION. 

Groins arc the intersection of two segments of a cylinder, 
each of the same altitude meeting on their diagonal sections ; 
the base of each segment is supposed to be in the same plane, 
and parallel to the axes of each cylinder. 

Or 
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* Or grotm may be the intenectido of a cylindrical ieg« 
ment with a cylindroidal one, each of the tame altitude, 
and their haiet in the same plane meeting on their diagonal 
Bectiont« ^ 



PROBLEM L 
To find the saperficies of a groin. 

CASE I. 

When the sides of the groin are semicircles, to the area of 
the base add f th part of itself, and the jum will give th€ 
superficies required* 

EXAMPLE L 

Wkai it tie curve iuperficia of a eiradar grom^ tack iidt 
qf tke iqmart hau being 12ft. f 

12 

12 

144 area of the base. 
20-57 



164*57 area of the groin. 



CASE IL 



When the groin stands upon a rectangular, plan, 
the sides being either segments of circles^ or 
segments of an ellipsis. 



The area of each two opposite parts of the surfieures of the 
cylinders, or cylindroids, may be computed in the following 
manner* 

Let 
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Plate 5S, Fig. 1 andS. Xct ABCDbetheplanof agrdin; 
AC and BD axe the intenection of the pUnes of tbe dii^onals s 
MNQO b one of the cylindhcali or cylindroidal sur&ces 
stretched out or a plane; HVI is one of the side arches. 
Then to find the area of any two opposite quarters •f the 
cylindrical, or cylindroidal surfaces, to the arch line HVI, 
standing over BC on the plan ; that is, NM^ when stretched 
out on the plane, add four times the arch standing ovef FG 
on the plan taken in the middle, between the end BC, and 
the vertex at £, that is, QR, when stretched out on the 
plane ; multiply one third of the sum by £S, or PO, which 
is equal to it ; and the product will be double the area of the 
two opposite cylindrical pr cylindroidal sui^faces^ standing 
over A£D and BEC. 

EXAMPLE I. 
< 
Let ABCD be the plan of a groiny the tides AB and BC are 

each equal to 8ft; let MN, the length <f the arch HVI, 

standing aver BC on the plan^ be lOft. and PO, equal to ES, 

be 4ft. ; that », the distance measured along from the crown of 

the arch, taken from the vertex at E, to either of the ends at S, 

and QR the length of the arch over FG, be 4ft ; required the 

superficies of the groin. 

4 
4 

l6 f ur times QR. 
10 the end. 



3)26 



8 8i 
4 



34 8 area of the two opposite parts AED, &c BEC. 
2 



69 4 area of the whole groin, standing over 
ABCDy on the plan. 

EX- 
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Shortly will be published in 1 Vol. Quarto^ 



BY THE SAME AUTHOR, 



AV 



ANCIENT AND MODERN 
ARCHITECTURAL DICTIONARY; 

CONTAINING 

Explanations of the Terms used by Architects and Work- 
men, in Building; with the Theory and Practice of the 
various Branches in Architecture, and their dependence on 
each other, so as to form one complete system of the Science 
and Art of Building, Likewise, a description of the Ma* 
tcrials, shewing their qualities, proportions, and quantities ; 
also the best method of preparing them, with specifications 
•r particulars of work, according to their various classes. 
In which will be introduced, all the useful Geometrical Dia- 
grams in Carpentry, Masonry, &c* many of which were 
never before published. 

It will also contain an account of the Lives of the prin- 
cipal Architcctt, Ancient and Modem ; a description of an- 
cient Edifices, and other Antiquities relating to Architecture; 
accompanied with a number of Plates, illustrative of the 
various subjects or terms. 

This Work will be highly interesting to all Persons con- 
cerned in BuiiJing. 



